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specting the constitution of (“snlts aio at pre’setit in a state of tiansi- 
tion, but the great riuestions of cliem^al Ihcory, if not \el solveil, 
have at least been coiicdly and a general assent obtained 

to the facts upon nliich tVey icsl 

In preparing a new edition of his lOlemcnts of Chcmistiy, the 
Authoi has incorporated ininh nen .ind afciirati' inlonnation with the 
old, while he lias endea\ ouicd to give to both tlic spai e iiiid the measure 
ol iinpoitance which then trin v.iluc duiianded In sucliawoik, 
judicious seh'ctioii ol mallei is as neiessaiy as cauful condensation, 
while the grounds of the sehctioii me changed with the sliiftiiig 
point of view irom wliuli, m a piogiessive stience, the retiospeit is 
taken 

The iinpoitaiil biaiiiiga of the laws ol Ileal, particulaily iii 
lefereucc to flu phjsioal condition of mattei, have led to then eon- 
sideialion betoie the chemical piopeities of Mibstances, m tins .is in 
most olhci eloincnt.ii) ticatiscs on iliemisli^ Light is then sluntlv 
consuleicd, fhictlj in left iciue to ils < lrmi(.al i(l.ilions Tliejiin- 
oiplcs of its Nnnn ml.ilme, in winch, comp.iied witli many '•ncntcs, 
chcnnstiy has been liiglih toitnn.ite, .U( tluiT (.xpl.nmd, logelhei 
with the sjmbolical noialioii anderiomital loiinnlir m uscu by moans 
of winch tlie eoraposition of highly compound liodies is I'vpiessed 
with tlie same pilp<ihle (listnictncss w’lnch, m anthinetie, attends the 
use ol figures, in llie place of woids, for tlie eApu'ssion of niimernal 
sums 

A coiisideiable section of the present volumi is then devoted to 
the cdnsideration of the fundamental doetiines ol ebennstiy, uncici 
the heads of combming jiroporlions, atoinie theoiy, doctiine ol 
volumes, isomorphism, isomensm, constitution of salts, chemical 
affinity and polaiity, including the piopagntioii of affinity tlirougli 
metallic and saline media, in the voKaic circle, w'lth the new subject 
of the atomic volume of soficls 

The materials of the ihorganic world are then dcsei ibcd under tw o 
gieat divisions of noii-metallic elements and their compounds, and 
metallic elements and their compounds ‘ 

UnIVEIU I'l f CoLLEOE, ‘ LoNOON, 

Srptembp} 1850 
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(’ll A PTE R I 

iipx r 

'I’lii' object') ol tlie lu.ileri.il woild are.ilteKd Jii tlieii jnopeitu'- by 
Ik arm -v \{iy i< iii.irlv.ibk* nruiiier Tlie {onvei'']oii ol ite into M-itei, 
.111(1 ol M,it(r into ^ipoiii, b) the <i])pli(alioii ol Ik'.iI, -tiroids ii l.miili.ir 
illusti.itioii of till (ll((l ol ^liis .if'int 111 (b.nit'iu^^ ilit eoiubtion ni 
bodies AU oilier iniilen.d subsl.uu es an' cciunlly under its inHiienee , 
and it give" IM' to iiiuiuioU" nid xaried phenomena, demanding the 
.ittenRon of (lie (Ikiiik d m([iinei 

IIcmI is ver) leidiLv eoinmuiiK.ited lioin one bodv to anotliei , 
so that xxlieii liol and (old bodii* aic pl.ieed iieai (.ub otliei, they 
spi'i'ddy allaiii till! saiiii h'lriper.ituic The obvious tiaubfercine ot 
lie.fl 111^ siidi en eiinistunees impiosses the ide.i that it jiossesseswi sidi- 
slaiitiiil (Mstdui, and is not meicly a qnalily of bodiu*!, bkc (uloin 
(A weight , and win ii thus considered as a niateiial subhtaiue, it lias 
iieeivid the name ( m/w/ u It would be injudicious, howexci, toeiilei 
at present into any sjiccidation on the nature ot heat, it is suJliciLiit to 
•’imarlc tliat it dillers fiom inattei, as U'^ially conriivtd, in several 
esped* (Jur knowledge of heat is Innitcd to the difl'erent ellects 
xliicli ii products upon bodies, and the mode ot its tian&mi'psion, 
ind the“e subjects may be considered without refeieiicc to any 
heory of the nature o'f this aj^iit 
The subject of Heat will be treated of under the following In ads 

1 E\]iansion, the most glneral cllect of heat, and tin' ’riitimometej 

2 Speftific^icat 
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3 Tlie cominumcation of heat by Conduction and Uadialinn 

4 Liquefsiction, as an cflect of heat 

5 Vaporization, or the g^lacous state, as an eifect of lioiH 

fl Speculative notions respecting the iature of Iieat 

K\PA>SION AND TllL THEItMOMLTEll 

All bodies m naliiie, solids, liquids, oi gascs^ sutrer a temporary 
incTeasD of dniiciisioii when hialcd, lUnd contriid again into then 
original i ohime on cooling 

1 ii'i/wws/ow of — ^^riie expansion of solid bodies, suHi .i., 

the melalsj is hy no means consuler.ible, but ni.n leadily he made 
sensible A b.n of non wbifhllls easily ben eohl into a gauge, will 
bi found, on Ik at mg it to redness, to liavt meieased scnsilily both 
in leiigtli mid tbifkiiess The expansion .md (oiitiactnm of nietalb, 
iiidecil, and I lie immense foree with nhieb these ehanges take plaPi‘, 
are nutters of famili.ir observation, and arc often made available 
in tlu' arts 'Pin iron hoops of carnage wheels, for instant e, are 
applied to the liaiiie w'liile they aieircd hot, mid in ,i sttu*p of 
expansion, mid being (Ikii sntltleiily cooled by d,ishiiig watei upon 
them, they coiiliact and bind the wood-woik of the wheel with great 
force The evpansioii ot solids, liowevei, is veiy small, and requires 
nice mofiMUfineiit to ascertain its airiouiit 'I'be ex[>aiisio]i in It'iigth 
only li.is generally been (lib'nnined, but it must aKva>s bo reinein- , 
beied that the both expands also in its othei thuieiisions m an 
equal pioportioii 'J'lie tii&t general fat I observable is, tied the 
amount of dilatation by beat is ebilereiit iii dilleieut bodii's j\o 
two solids expand alike The metals cxpuul most, aiiil tbur i,itcs 
of expansion ,irc best known Hods of the underinemtioiu d sub- 
stauees, on being heated fiom the fre-czing to tho boiling point ol 
Water, clem gate* as follows — 


Xioc (cast) 

1 

on 

123 

Pure Gold 

1 

on 

6R2 

Zinc (sheet) 

1 

II 

V 

310 

Iron Wire 

1 

II 

812 

Lead 

1 

41 

331 

Palladium 

1 

<1 

1000 

Tin 

1.1 

II 

510 

Glass without lead 

1 

14 

1142 

Silver 

1 

1C 

524 

Platinum 

1 

II 

1167 

Copper 

1 

14 

5»l 

Flint glass 

1 

II 

1248 

BrnHs 

1 

14 

584 

B^*ckinarble^Lucullite) 1 

M 

2833 


This is tlie, increase which these hoehe,s sustain in length Tboir 
increase in general bulk is about three times gi eater I'liiis, d 
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jrlciss ploTigatcs 1 part in 12ti8 from tlie free/mg to tlie boiling point 
of natcr, it will dilate jn cubic capacity 3 parts in 1218, or 1 part m 
IK) Tim* expanded bodies return to tlieir original dimensions on 
cooling AVood does not* e\])and^ much in length, hence it is 
oeeasionally used as ,i peudiibi.n rod Kor thi' s,iine reason a slip 
of marble, of tlie vnnety iijcntioncd in the piucdiiig table, was 
employed for that purpose, in constructing the clock of the llojal 
Society of bldinhurgh Glass without loael expands by the table 
r-f'-n- part, while the metal platinum expands very little less, 
(ri'iT^) lienee the possibility of cementing glass and platnmni 
together, as is done in many clieinital instnimeiits Othci metals 
piidicd through the glass when it is iccl hot and soft, shiiiik after- 
wards '<) inudi more than ghiss on cooling, as to separate from it, 
.111(1 become loose Zinc is the most e\p,insiblc ot the metals, it 
exji.mds iicaily four times more tliaii platinum fioni tlie s,ime he.if 
Hyt lec', ol winch the contraction by cold has been obseiied tor 30 or 
'10 deirrees under the treezing point, proves to be more' dilatable even 
•Iran the metals, the latc of this solid being m tlie pio^mition of 
si'tlj p,nt, while that of zine^is paitonh * 

The most niiiiorlaiit thscoveiy, in a tlieoretual ))omt of view, that 
has been ninth' on t*li('^subji f t of tin' dilat.ition ot solids by Ik .it, is the 
observation ot ihofessor Mifsiherlieli, of Heilin, tliat the angles of 
some crystals arc afh'ctt'd by changes of teinpciatiire Tins pioves th.it 
^ some solids ni the crystalline form do not exjiand uniformly, but more 
111 one (hied ion than ui anotljpi Indeed, Mitschcrhch has showm 
th.it while ,i crystal is exp.uicling iii Iciigtli by heat, it may .ictinilly be 
contiaetmg at the same time in another dimension An angle of 
rhombonlal e.ilc.iieous spar alters ciglit and a liaT minutes of a dcgice 
between th<' frcc/iug and boding pouits of w.itei But this ij|fie(iii,il 
exp.iiision does not oeenr in crystals of winch .ill the sides and angles 
.ii’c alike, .IS fhe f ubc, the rcgidar octohedroii, the rhomboidal 
(lodceahi'dioii In investigating the laws of expansion among solids, 
it IS advisable, theiefore, to make choice of crystalli/cd bodies For, 
111 a subd-iiice not regularly crystallized, the expansion of dilTcrcnt 
speciinrtis may not be precisely the same, as the internal stiucturc 
liiav be dilfeient Hence the expansions of the same substance, as 
gixen by (hnerent expeiimenters, do not alw'ays exactly correspond 
The same glass has been obsewed to siilate more when in the form of 
ii solid rod, than in that of a tube j and tjje numerous experiments 

* Fruiiui^ (fil't), Annales de Chimie et de Pbv8U|ne, 1 scric, tome H, p 177 
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on imcrystallizod bodies, \\hicli ne possess, have allorded no ground 
for general deductions 

It has been fintluT obsenVd, lhaf the same solid is mone expansible 
at high than at Ion teinperidiiTLs, althougMi the intieaso in the rale of 
expansion is in gineral not (onsideiable 'L'hus, if ue maik the 
progicss of the dilatation of a bai of iipn under a gradutded heat, no 
iiiid that the iinuasi in dimension is gre.itei loi one degiee of heat 
ne.ir the boiling point ot iratei, than loi oiu' degree ne.ir its fri'i'zing 
point Solids ,iro ohsened to o\p<iiul <il an acreleiated riite, in 

Ik 

partieulai, nhen heated up to iii'ar tluu losing points The cohe- 
sion or attraction nliicli subsists httMeeii the particles of a solid is 
supposed to lesjst the c\paiisi\e ponci of hi.it Hut many solids 
Income less tui.ifious, 01 soften hcfoic melting, winch m.iy .iccouiit 
for then iiitie.ismg ( xjiaiistbihly Platmnm is the most unifonn iii 
its expansions ol the meL.ds 

Such changes in hiillc, from v.uiations in tcmpcTatiiie, l.iXc plate' 
Math iire'^istihlc foieo Tins is well illustratc'd in an cx]n'nuieiit, 
which was first made upon a gallery ui the 1 Vliisi>uin of Ai-ts and 
Manufactures in Paris, m oidci lo jires^'rve it, and li.is been siieress- 
fiilly repc'uted m many otliei hmldiiigs The opposite w .ills the 
1‘clilice releiied to were' Indgmg oulwauls, fioin the piessuic of the 
lloors and rool, wliuh eiidaiigc'ied its st.ibiJilv lU the dirc'i turns of 
an iiigc'ctioiis medi.iiiu, stout non lods wme laid across the Imihliiig, 
witli tluir cxtuniitus |n(i|L<tiiig through tlie opposite w.ills so as to 
bind tliini togitlu'i Half the niiiiilHi ol Ihc lods wnttlun strongly 
heated by means ol l.iiii|)s, ami, wlnn m an expinded condition, a 
disc^ on either extremity of cacli rod w.is sirtwecl (iinily up against 
the cxtcrn.il smfacc of the wall On afterwards .illowiiig the rods to 
rool, Picy contracted, and chew the w.ills to which they were .i 1 t,iciicd 
somcwh.it iieaier logethei The piocess w.is several times lepeated, 
till the walls weie restoied lo a peijiciuhcnhu position 

The toicc of exp,insioii .ilw.iys renmies to he .ittcuded to in the 
arts, will'll iron is comhnied m any structure with less expansible 
matcnals ihe cope-sttnu's of w.ills ,iie soiiietmu's held togetlici 
with clajiipsj or bais of non such bins, it of cast non, 1 Inch n 
brittle, often Inc.ik on the first host, iroiii a tciidiiicy to contract 
more tli<in the stone will permit, if of m.dle.ible iron, tliev gc'iier.dly 
crush the stone, .cud loosen tluxnsih.f m theif sockc'ts Mheii east 
iron pipes .11 e emiiloyed to comhict hot air 01 .steam tlnongh c 
factoiy, tltt'y .ire nev'er allow id to .ibut .ig.iinst a wall or an obstacle 
wdiich they might 111 expanding oveitnm Ja-acl, fu>m Its cxtiemi 
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softness, IS permanently expanded 'wlien repeatedly lieati d , a waste 
steam pipe of that metAl heiiig elongatt'tUscvcral inches in a few^wteks 
A compound bar, mad® by riveting or soldering together two 
tlun phitcs of copper and platinum, affords a good illustration of 
unequal cspansioii by heat The coppt^ plate, being miuh more 
expansible tlian platinum. Hit; bar is bent upon the applieatioii of 
heat to it , and in such a manner, that the copper is on the outside 
of the curve It may iM^-ily be conceived, that by .i projici attention 
to the expansions of the mc(<ils of ^ilncli it is compos'd, a bai of 
tins kind niight bo so constructcil, that although it was heated and 
expanded, its extreme points shonld alnays remain at the same 
distance from each other, the lengthening being roinpoiisated for by 
the bciuhng The b.daiico-whccL of clnononu ttr"! are jireserved 
invaiiablc in llicir dnimctcrs, at all tcminiatim by a rontnvaiicc 
of tli^s kind. It has also been applied to the constmctioii of a 
theinioineter of solid m.itenals — that of Bregnet 

"When hot Matir is suddenly poured upon .itliitk phte of glass, 
the upper suiface is heated and expanded befoio the heat pt nitrates 
to tiic Ion Cl huilace of the plate 'lliere is here iiiuqiial expansion, 
as in the shp of.coppi'r and ]>latnnim 'I'he glass tends to bend, 
■with th(' hot and cxpanded^sui fai e on the outside of tlie cuive, but 
IS broken fioiii its naiit of tlexibilify Tin oerurieiKc of hiiili frae- 
turcs IS best avoided by a|)pl\nig heat to glass \ ism Is in a gradual 
inannei, so as to oeeasiou no great inequality of expansion, or by 
using veiy thin vessels, tlironglHlie substance of nlndi heal is r.'pidly 
transmitted 

'I'liis eifecl of lu'at on glass may by a little address be turned to 
atly iiitage AVatcli-glasscs aie cut oiil of a thin globe of ass, by 
foiidurting a i rack m a jiroper direction, by mc.in 3 of .in iron rod, or 
piete ol tobarfo ])ipe, lieaiid to ledness (JIass xessds d.iniaged in 
I lie liboiatory may olleii be divnh d in the wiine manner, and sidl 
made avail.ible loi uselnl pin poses 

IJoth last iron and glass aic jieculiaily h.iblu to accidinis fiom 
uneqii.ll e\p.uisioii, when iii the stab- dl flat jikilcs i’l.ite glass, 
indi'id, (.111 iie\er be healed without risk of its breaking Tin- ff.it 
rfroii plates placed across diimneys asdampeis, arc also very .ipt to split 
wdicn they become Jiof» fnid much inronvemence lias often been 
expenemed in inannf.ictoiies iroin this c.ius^ \ slight eurv.itiire in 
their form has been found ^o protect lliemmobt effectugll;^' 

Erpa^'^um nf hquul >> — In liquids the expansive force of hc<it 
is Itltle BjsislSdby colicsive attiaction, ami is inucb more eoiiMdertible 



'• EXPANSION OP I,l(iun)9 

than in solids This fail is stiikiiigly exhibited by filling the bulb 
and part of the stem of a common thennoinpter'tubc with h liquid, ,ind 
apidyiiig heat to it 'J'Jic liquid is seen iinnicdutely to mount m 
the tube 

Tlie fust laM, in tlic co-'C of li([Uids, is tlidt some expand much 
moie coiisidirably by lu.it than othei'f Thus, on bi'ing heated to 
the same extent, namely, fiom the freezing to the boiling jioiiit of 
natei — 

Spirit of wine expand * tlintis, 9 measiireabepome 10 
Fixed oils •• 12 “ 13 

Water *• 22 7C “ 23 7(. 

Mercury “ S') ■) “ lO I 

iS[)uit of Mine IS, therefore, six times nioic expansible hv he.if 
than meicui> is The dillerente in tin heat ol the se.isons affeits 
seiisihlv the Inilk. ol spiiits In the lieiglit ot suniinei spmts wjU 
mea-suK j jmt cint iiioie than ni the dejitli of mill it . 

The new liquids pioduced lij tin' londcnsalion of gases appear lo 
be chaTaelenzcd by an extraoidmaiy diLitabililv M 'J’lnloiier h.is 
observed, that thud caibome acid is moD* expansible by beat than an 
itself, heated fiornllii'’ to Sb^, twenty volumes ol t)ns lupnd nitiease 
to t\vcnt3-imi<', wliieli is a dilataliou four timcsi greater than is pio- 
duced in air, by the same change ol trinperaliue * Mr Kiinji 
extended tins obseiv alum to liquid sulplmtous aeid and r^aiiogen, 
winch, altlioiigh not possessing the excessive dilatability of hqind 
eaiboiiK aeid, arc still gicatly luori ei pansihlo Ih.iii oidiiiarv liquids 
Sit 1 ) Biewstci had seveial jears bdoic disi ov rted (('it.nn Hinds 
111 the niniiite cavities of topaz and (piartz, winch si'eincd to beai 
no amilogy to any other then known liq ml in their extraordinary 
dilatahilit)' They do not a])pear to li.ive been entirely Ik, milled 
gases, but probably weic so in part t 

A singulai eorrespondence lias been observed, by kT Gay-Liissae,! 
btiweeu two particular bqunls— aholiol and bisnipliurtt of earbon, 
in the amount of their e\])ansion by beat altliough each of these 
liquids lias a ]icculiar tenqitrtitnre at wiiicli it boils — 

I 

Alcohol ati 1 73 " 

Sulphuret of carbon at 116° 

still the ratios of expansions from the addition, ami of contiactioii 


* Annalesric Cliimie et de Physique, 3 scrie, t tO, p 427 
t Eitinljurgli Phil Trans vol x p 11, 1824 Also vol xvi p 11, 1840 
t Ann dc Chiime, 2 acne, t 2 
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from the loss of heat, are found to be uniformly the same in these two 
liquids, compared at tlie same distance from their respectue boiling 
])oints A' sunilar rtl.ition h<is lately been observed by M Isidoie 
Pierre, between th(' broninle of ethyl and bromide of methji, .im] 
between tlie iodide of ethyl and iodide of mctliyl, wliicli does no(, 
dp]icar to exist between a jijfir of isomeric bodies, winch wcie also 
conqiarcd, — namely, tin' ^oi iniate of oxide ol c'thyl and the acetate ot 
oxide of metliyl The observations iriailc with this view on tom 
dillerent gioiips of lujiiids, ineludin^g those mentioned, arc thus 
exhibited, the degrees ot temperature licing of Pahienheit’s 
scale* — 


CONTRACTION OF IIQOID9 FROM THr DOIIINO POINT (Pl K HRf) 


NAMl 3 OP Tllb 
LIUUIUS 

noil I va 

nn\ r 

TI- MPFBATUnFS i 
c.4Ui(liiiitaiit from 
th( boilin|r point 
tor each ^roiip 

INThHVAL 
between the 
two pipceil- 

lllg tciiipi- 
ratiires 

VOI IIMK 

at boiling 
point 

VOUTMJSS 
at the cfjui- 
1 liJKtantttiiii' 
pt raturcB 

1 GROUP 









Snip iviret of carbon 

118 22" 


— 22 72" 

140 

04° 

1 

0 

013099 

Alcohol 

172 or 


32“ 

140 

91“ 

1 

0 

911152 

Wood spirit 

151 34° 


-10 1" 

140 

91“ 

1 

u 

905819 

*’ 11 GROUP 


1 ^ 







llroniide of ethyl 

105 2(1° 


32" 

73 

26“ 

1 

0 

941375 

Brumidi of methyl 

05 4^ 

« 


— 17 86° 

73 

20° 

1 

0 

011575 

HI GROUP 


4 







Iodide of ethyl 
Iodide of methyl 

158° 


32" 

121] 

0 

1 

1 

0 

918701 

no 84" 


— 15 16° 

126° 

1 

0 

910013 

IV GROUP 









Formiate of oxide 1 
of ethyl ( 

127 22’ 


— 20 12° 

i9 ' 

107 

1" 

1 

0 

910223 

Acetate of oxide ) 
of methyl ( 

» 139 10’ 

1 


— 15 8° 

32° 

107 

1° 

1 

u 

918750 


*T have oTilv to add tlie following lesults obtained by M Mumke, 
of St I’etersbuigli t — 

EXPANSION OF LIQUIDS, VOLUMF AT 32° FAIIR BEING 1 

P'olution of ammoiiid (ap gr 0 94G5) 1 01911310 at 111" (43" Ceiitig ) 

llydniclilonc acid (sp gr 1 1978) 1 0253 )98 " “ 

Nitric acid (sp gr 1 4405) 1 0^79512 “ “ 

“ " . 1 1148853 at 212" (100“ Cciitig ) 

* M Pierre tins also examined the dilatations of water, oxide of ethyl (ether) , and 
chloride of ethyl The results he has already published are the most exact and valuable 
wc poBsebs on the subject of the dlthtation Of liquids^ and he is proceeding with his 
experiments Ann dc Chimie, &c , 3 acne, t 15, p 325 1815 

t Sec the llandworterbuoh dePChemie of Liebig, Poggcndorlf, and Wohler, \ol i 
p 632 , article Ausdelinung (Dilatation) 
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lAl’VN'^lON OT' MQIJIDS 


Salphunc acid (sp gr 1 83G) 

(I If 

Rectified petroleam (ip gr 0 f813) 
Almond oil 


1 0578405 at 212" (100® Cciitig ) 
1 1388577 at UO® (230® Centig ) 
1 1000059 at 203" (95° Centig ) 
1 0J87005 at 212° (100° Ctiitig ) 


Tho sc'coiul law is, tliat 1k[iucI<i aie pi ogrrssivcly moro c^pansibk* 
at liig'lici tluii at l(m('[ Uwrijx i.iliiios Tins js Ic"!^ tlic* f.ific witli 
tnricnrj', jii'ihaps, tljaii witli any ollu'i lu[iiul TIk' c\])aubioiis of 
that ]ic[ui(t arc, nidcctl, so iniiloriii, as to render it extremely jiropir 
foi th( construction ot the tlvunoimlajr, as will altenvaids apiicai 
'riie rail of expansion of iriercury was dcterinnuHl with c\ti.iordi- 
nary c<iic hy Didoiuj and Petit 


From 0" to 100° Ciiitigrade, mercury expands I measure on 55^ 
.1 100"“ 200° “ “ “ 1 “ 51i 

“ 200° “ 300° “ “ “ 1 “ 53 


Aeeording to the same experimenters, tlu' expansion of iiktcmiv, 
tonlnud ni glass (uhis, is only 1 on (i I S The dilatation ot the 
glass causes thecapanly ot Iheiustunnent to he enlaiged, so that tlu 
whole expansion ot the iiicTcuiy is> not ijulu aled 'L'he only inode 
III which (he eiror Fn. 1 

lutiodueed hy (he 


‘■M 




■u 


Mf^ 





e\]).insiou ol the 
enclosing vessil 
tiin he avoided, lu 
.iM ertiiiuiiigthe ex- 
pansion of lupnds, 

IS Ihatpiactibcd h^ 

Dulong and L'elit 

namely^ heating the liipud 111 one limb of a s^pboii (sec Iig 1 ), and 
obseiiing how high it iiseb above the level ol the b<imc liqiud in the 
otliei limb, kept at a constant temperature The columns of couisC 
balance each other, and the shortei eoluuin ol dense fluid snppoils 
a longer column of dilated fluid All other modes of obtaiunig the 
absolute expansions of liquids are fallacious 

Ab) progiess hnfl }lL been made in di&coveung the lew by 
wliifli expansions ol liquids me legulated , foi the eomplieated 
mathematical lormuke ot Ihot, Dr Young, and others, arc mere 
general expressions foi these cxpansien's, whiefli [iroceed upon no 
ascci tamed physical prnieiple Some theory must he funncel of 
the const it»lion of liquul', befoic we caiY heipt' tei leecouut foi their 
ex])ausions 
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Count Riimfonl a^'ccrtruiioil tlic confrac-tioii of wati'i toi 22} 
(Irgiocs, 111 cooling Irifln 212" to 32" .Tlic lubiilt'? .iiu a-, IoIIom', — 

9 

2000 incasiiresj of vintLi uiiitiact — 


III (ooliii!; (loguis 

Ol tniiii 

219° 

to 

180'° 

18 

me isiuc s 

t 

fti 

180 V 

11 

'107 

10 2 

ii 

it 

<1 

107’ 

11 

IIP 

1 J 8 

II 

1 1 


Illy 

ti 

122 * 

11 > 

II 

n 

II 

122 

ll 

9'iy 

9 1 

M 

n 

11 

ooy 

• 1 

77 

7 1 

14 

1 1 

<< r 

77 " 

«< 

Sl> 

3 9 

11 

II 

1 * 

51i 

«4 

J2 

0 2 

14 


TIu' »\])an''ion of n.itci liy lie.it is Mibjeit fo n remfuknlilc pocii- 
luiiiK, iiliuh ocrasioii'5 it to be exln'inelv nregal.ir, and i!(in.iii(k 
‘'jieci.il notui' Thi'i li([uid, m .1 reil.im r.iiige of fenijH'ialiiie, bccotiies 
.III (Meplion <0 Hie vei^ geiiei.il l.iw Hi.if bodii's eKjiaiid by Ik;.i< 
l.\ Ill'll lu.iL IS ,i|)|)lied to ue-f old Ai.ili 1 , 01 iv.iii i at Hie ti inpeialiuo 
of 32", Hus li([iu(lj iiisU.id of Lvpaiuliiitr, luiUiacIsb} i veiy .idddioii 
of Ik at, till lis t( luiifiatiue uses to ID", at 
01 ^lery iioai -fllmli timpc^duie w.iioi is as 
d( iis( as it, fan be And, comeiseb, \i1ilii 

4* 

M.dii o[ the t( m])vi,ituie of ID" is e\|)us(d 
to (old, it aftnally t\|)aiid '3 miHi Hie 1)1011:11 ss 
of Hie n Ingeiatioii \V.i((i Jna\, mjHi < .111(1011, 
bi ( oo 1 ( (I iO 01 lo degiii la low il-» lue/iiig 
|ioiiit, in tlie lliiid loiiii, and ''Hll (oiiliiiue 
toi\|)aiid It 1, ciinoiis Hiat Hus liiiniil, 111 
.1 I'l.iS'S bull), i\|ian(b .is jieaih .is possilih' 

(o Hie saiiu aiiioiml on e.uli side ol 1D°> 
wluiufitliii lii.itiil or eooled Hie s.iiiie nniii- 
bii of digit! s Hence, wluii coolid to 30" 
it ii-es to the -.iiiie point m Hu stem as 
whin lii'.ited to I 1°, at 32° it sl.inds .it the 
Slim point as .it IH", .it 20", .it the same 
jioiiit as ,it 00", t( in])eiatiires (fig i) ^ Tin 
t\paniioii of n.itci by cold, niidii JO",^ is 
(tit<iinly not \try gicat, being little more 
than L p-avt m 10,000 at 32", Ivtiice it 
ii.is e.irly suspecied Hi.it til iniglil bo miii 
illusion, from the couImcIioii ot Hie gl.Ksdiiilb (111 mIiuIi Hu; t\po- 
nnieiit Mas .dM,i\s made) loituig up Hie wafei in Hu siem Mul 
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all grounds of ob)cction on tins score have been removed by tlio 
mode m 'hIucIi (lie expermw'iit has subsequently been coiidiuted, 
p.iTticularly m the researches of the late I'r Hope, ol Edinburgh, on 
this subject 

Dr llojic earned a deep glass jar, tilled with ■water of the tc'iiijie- 
latuieof 50°, into a \erycold room, and having nmnersed two small 
thciiiioineters in the wat(T, on<‘ near the surt.ice, and the other at 
the bottom ot the jar, wall lied their indications as the cooling 
pioceeded Tlie thermometer -above I'uheated a temperatuic higher 
by several degrees than the thennoiintcT bt'low, till the tempeia- 
ture fell to 10“, that is, the cIuHihI w.itei tell as usual to the 
bottom of the |.ii, or beeaine denser as it lost lusit, as illustiated in 
lig ;i At 10° the two theimometers ueie for some tune steadj, 
(tig 1), but as the I'oohng proceeded bevond that point, the 


instrument in the „ , 

ri( i 

highei .situation nidi- mcoolmg 
c.iteil the lower tun- above 40“ 


Fi„ 5 
In cooling 
below 40° 


perature (tig 5), oi 
tin water now as it 
beOiimc colder, be< aine 
lighter, and rose to 
the top A hotter de- 
monstration of the 



t.ict 111 ipiestiou eould not be di vised 




Ciie.it p.ims have been t.iken bj sevei.d philosojihers to ilctormine 


the exact teinperatiiie of this turning point at which water possesses its 
maMiiuim density lly tlie elaborate expenmiiits of botli Ilullstrom 


and of Mnnekc and St ampler, as eakiil.iied bj lliillptroin, this jioint is 
dy® SH, or 4“ 1 Centigrade Kndberg li as more leceiitly obtanied 
4° 0^ C, and J)esprct/ 4°00 C, or 39° 2 Ealir, the numbc'r now 


generally taken Sir,(l Blagden and Mr. Gilpin Inwl made it 39° 
Dr Hope had estimate d it at ,59^° * 

M hem salt is dissolved in water, the temjicrature of maximum 
density hecomi's lower and Ibw'er, in iiroportion to the cpianlity of salt 
in solution, and sinking. below the freezing point of the hipiul, the 
anomaly disaiipears This is the icasoii wdij the property iii question 
cnniiot be observed in sea water 

L 

There is a solid body v Inch presents Vlic only other known par.dlel 


I'oi Mbldi, ut the volume of water at diflerent temperatures, see Appciidw 1 
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Crijsr of progressive contr.iction by heat , this is Hose’s fusible metal, 
ivliich Is all alloy ol — • 

2 parts by weight of Biamuth 

1 part* " '* , “ Lead 

1 •< *• “ Tin 

A bar of this c\paiKls. progressive ly, like otluT bodies, till it 

attains the feniperatiiiL of 111*’, it then rapidly coiitiaets by the 
continued addition of heat, and at 15(>° attains its maviimini density, 
occnppng less space than it djics ,it tJie Ireeziiig point of iiatti it 
allenvards jirogresswely expands, mdting at 21)1° It itiav be rt- 
iiiarkedj boa ever, of this bod), that it is a cheinieal coinjioiind, ol a 
kind in eliich a ehange of fonslilutioii is lei) likely to occur liom 
a change ni tempeialiire, and that it cannot, therefore, be faitly 
(Oinpau'd TMlh iiater 

The ddatalioii which watei ninlergoes Ik low 39° has been siip[)os(‘(l 
fa be ((miiected with i(s sudden inciease in \olnine in frec/nig, loi 
ut IS lighter than water, bulk for bulk, in the proiiortioii of 92 to 
11)9 'riie watd, it is said, ina> Ingin to piuss paiLially into the solid 
fotnj at .50°, allliongli thceli^inge is not complete till the temjicialnri 
sinks to 32” Blit snelt an assumption is altogc'lliei gtatuitons, and 
iiii])iobalik‘ ill the exlremi* 

The extiaordiiiary niegulaiitv in the dilatalion of water by heat ’is 
not Old) ennous lu itsdl, but also of the iitmosl coiisequeuie ni the 
eeonomy ol natine AVluii the cold st*!" in, the suitacc of nm 
iiiei*! and lakes is tooled b) ihe contact of the cold .nr and othi i 
laiisch 'llie snpeitaial water so cooled, sinks and gives plaie 
to waimn water Iron' below, which, ehilled in its luni, sinks 
in like m.innei The progress of cooling in the ].ikc goes on with 
eoiisiderable r.ijiidil), so long as the cold water descends mid t'xjjosrs 
that not lutlurto eoolcd But tins ( tthulatiou, which accelerates 
file cooling of a mass of water in so extraoidiiiary a degree, ceases 
entire) V wlien Ihi' whole w.iter has been cooled down to tlie tempera- 
tnie of '19°, which is still 8 degrees above the free/iiig point Tlicne- 
.ilter the cluUcd surface water exiiaiidsas rt loses its hc'iit, and remains 
at the top, from its lightness, while the ^old is veiy imperfectly 
piopngalcd dowuwaids 'I'lie surface in the end freezes, and the ire 
iiiav thicken, but at the dcjitli of a tew' feet tlie lemperature is not 
under 40°, which is high wtem coiTipared «rith that freciucntly ex- 
jieneiued, c'veu in this elimate, during winjer 

(f water roiitinued to become heavier, until it arrNcd at the 
ill tTang,femf erature, the whole of it would be cooled to thaf point 
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before icc began to be formed, and the consequenec would be, that 
the whole body of w.itei noi\l(l rapidly be eon/erti'd into ice, to the 
destruction of every being that inhabits it Oiir warmest suiiuncrs 
would make but little impression upon such ni.isscs of ice, and the 
chcertul climate, wlueh ve ^nt present enjoy. Mould be less comtortable 
than the fro/,eii regions of the pole U])on such delicate and beautiful 
■Mljustnieiits do the order and harmony of the uinveisc depend 
Erpansum of ^c/sv.s — The expansion by heat in the chllcrcnt 
forms of miittcT is exceedingly various, 

J?y being heated fioin 32° to 212°, 

1000 cubic indies ol iron briomi, 1001 
lOOO “ v,ittr “ 1015 

1000 " air " 1306 

(Jases aic', therefore, more expansible by heat tb.in matte i ni tin 
oilier two eniiditious ot li(|iiid and solid ^'ho reison is, tli.it 1' e 
pal lull's ol an oi gas, tar fioin being iindir the inlluence ol colusive 
attraction, like solids or bipiids., uic aituated by a poweiful rejiulsion 
for I'ath other I'lie .uldition ot heat mighlilj enhances thib repul- 
sive tendency, and c.msos gicat dilal.it ion 

'riic rate of tlic expansion of an and gases fr»in nicreabe of tem- 
pcfr.xtiu'c, Mas long iiivobid m considcr.ifilc unccrt.imt} This arose 
from tlic nigliil ot the call) expenmenters torf;// the .ni oi gas 
upon mIikIi till'} opi i.itcil T'hc picsencc ot a hltle M.itcr by rising 
in tlic st.itc of sti am into the g.is^ oiu llie apphc.i 1 ioii of heat, occa- 
sioned gicat and niigular ex]).iiiMons But in 1 S() 1 , the lau' ol the 
diLitation ot gases m.is discincicd by IVl tJ.iv-Taissac, of Pans, and 
by our tountrj 111.111, Di D.dton, nulepi’udeidly of eac,h other It uas 
elibcoveecd by tin sc pbilosophcis th.it all ya>>Ls expenoiice tho same 
incicase m loliimc by the <ipphc.ilioii of the s.iinc degic'c ol hc.it, luicl 
that the rate ol expansion continues unifonn <it .dl te-mpi rature s 
Dr Dalton eoiifiiied .1 sju.dl portion of dry .iir ovci mercury in a 
graduated tube lie ni.ukcel the eiuaiitity by the scale, and the 
teinpi'rature by the llieiinoiiietei 11c then jiUced the M'liolc lii 
ciicumstances when' it mms unilonnly he.iteil up to a certain tempera- 
ture, and observeei the cxjiansiou Gay-Lussae’s apparatus was 
more coniphcatcel, but i.dculati'd to give vciy precise results lie 
found that 1000 volumes , of .nr, on bcRig heated from 32° to 212°, 
become 1375, mIucIi .igued very closely Mith Dalton’s result. The 
expansion was bitcly coirectcd by lluilbcrg, who found that 1000 
volumes of air expand to 1.1(55 
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The still more reeciit find t5\,ict resi'iirclies of ,iiu\ of 

lault ^vc as the expajisioii of uir fiom 32° to 212", Ji;!;,', oi 4 ,', of 
ts voliiiii(?at 32° Till! dilatation for every degree Fahreidieit is 
) 002()3() {llegiiaidt) , 01 * 4^1 t |w >1 
It folloivs, coiisi qiiLiitlv, lh.it an at tin fm/iiig point exjiaiids 
r,',-r part of its hulk for oveiy added degree of he.it 011 Fahrenheit’s 
>cale that is — 


191 cubic inches of air at 32" become 

192 *“ * 3J" 

49J “ 34', Ac 

iiireasing one eiihic inch for every degiei' A eoiilr.iction of one 
■'iibio inch occurs for ciery di'grce below 32° 

191 cubic inch) <i of air at 32 ' become 


190 

ftl 

31- 

189 

4( 

30 

188 

41 

20’, lS«! 


TIV (an (.isd) di'dncc, fioin this law, Ihe exiiansjoii which ateil.nii 
volume of gas aUa given (eiiipnatiire will midiigo. In lu.iting il iip 
0 any p.utu dial tetn|iei,dyie, oi the eoiilr.u (ion 1li.i( will lesyll 
30111 cooling Air, of the ttnijieialnie of trei/aiig w.ilii, h.is i(s 
volume doulihd wIkmi In.ilid l‘)l digius, .md wliiii liialed 'JSi 
legrees, oi twice .is inlensely, i(s \oliiirie is tiipled, wliidi is Ihe 
Ifi ( t ol a low red heat 

A slight diiiatioii from ex.ii I imiloimity m (lie e\]).insion ol 
hderetd g.tses was established by the rigoioiis espi mrieiits ol holli 
M.iginist and KignauK X more easily iKun'hed g.ises^ wliidi 

\liilnt a sinsihle dejiai'tiiic irom the l.iw oJ Maiiotle, arc itioie 
'p.iiisiljlc by he.il than <iir, as will .qipciir by (he lollowing 
.ible — 


* As 491 cubic inches of air at 32^ become Vj9 cubic mclics .it 0", air miy be 
.tated ^ i\|iand part of ila volume at the zero of Fahrenheit for each deivrce 

That IS, 459 volumes of oir at 0’ become at 50'’, 459i|- 50 volumes, or 509 volumes , 
It C0°, 459 + 00 volumes, or 519 volumes Henrc the expansion of I(K) volumes of 
iir from 50" to 60“ is obtained by the proportion — 

Meas at 50'’ Meas a* 60" • Mcas a^'iO" Meas at 00" 

509 519 100 101 9h 

« 

t Magnus, Ann de Chimic, Sic 3 scric, t 4, p 330, ct t fi, p 13 i 
J Regnault, ibid t 4, p 5 , et t 6, p 370 
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Names of llic gasis 


Rv[>aiis oil 'i|)on ] voluiiii fiom 
, 12 ' to aia'' 



, UlliNATMT 

Mac.mis 

Atmosplaric oir 

0 IOUjU 

11 dliiilOH 

Hydrogen 

0 .3Gg;h 

0 1fi1(i5r> 

Carbonic ai id 

U dbHUli 

0 {b00H7 

Siiqiburous acid 

r 0 KiG'JG 

0 dSIGlB 

Nitrogf n 

0 tftbsa 


Nitrous oxulc 

0 1C7G1 


C cirbonic oxide 

0 tGGG7 


Cyanogen 

0 :gh2i 


HyriroibUnic acid 

" 0 bGH12 



'I’lir ('\]),insioii I'' ,iU() fmiiul (o 1»t ‘-ni'-ihh tfti.ilii mIhii llic 
Ml ,i 111 . Ill itlitii Ml .1 r.irt' ‘> 1 , 1 ( 1 ' ^ ,mu 1 IIk' n'siills nlmii 

‘'Iriclli ,i])|)l\ uiih to dll' i^aM ■> iiikIit till .iliiiosplurii j)n.''siii(’ 


Till iiinnKmi 1 1 It, 

An in‘>lriuiu 111 foi iiidicaliiit^ laiiahoii^ m tin' itiUiisiU of lu.il, 01 
il(<(r('(> ot Itmiu laturo, by tluir (fltii 111 (Npfimliiig soiiii both, 
iii\ lilted iiiori' lluiii (uo ci'iitiiiu's ago, and liai> lectiMil sm ci'ssivc 
iininoMiinnt'' * ''' 

'riu' fxiMiiMoii', 1)1 solid'- all' <00 inninto to be tasdi iiirasnird, and 
oatiiiol, tlniitou', be toini'iin iitl\ apiiliu I to iiniik diguts oj In'a 1 
All and gases, on tin* otlni band, .iii' so unnh dilalid b\ a ^liglit 
MKii.isi of lieal, tli.it tb(\ an not talinl.ilcd tor oidinaiv j)iii|)osis 
Tin* Inst tln'iiiioinctn constiin trd, liouevi-i, tlial oi S.iiidono m.is 
.111 .111 one A ylass tube, oiieii at oi’u end, \iitli , , , „ 

!i Iniib bloiMi u])on tlie ollii I (Inr li), Hasvligblb > 

Inatcd, !jo as to <'\|i(l a |ioitioii u( the uir lioiii i(, v v V y 

and tb^^n tin* own'll iiid id (be (nbc was dipjKil 

iiiidir dll' suilaii oJ a coloiaed tliinl, Hhitli was 

.illowed to iis( Milo die tube, as the air tooled and 

tontratted NMien bi'at, tbe biat ol the hand lor 

instaiite, is applied to the bulb, tlie an in it is if 

expanded, and diin esses t^ie coliinm of (olouii'd 

llmd m the tube A usdul uiodilualioii of the an S Jf 

dicrmometei, lor lesiaiihcs ol «rieat delirai was 

routined hj Sn John Lesln, undei tlio nann ot iljl!® 

the Dilferential Therinoiiieltr In this nistnunviit two dosi' bulbs 

are roiinided b} a siphon containing a colouied Injiiid (tig 7 ) 

It both buljis be eipndl^ litaleil, tlu* iiii m ('adi is e(|iudK ixpanded, 

and the liquid between llieiii remains sl.ilionaiv Jhit if tin iijipei 
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b»iU) only be heatf'il, iliou llie air lu lli.it bulb i'- ('xivviidnl, .iiul tin 
coUiiim of bqiiul deprc'-'ifd It is, tlieiLiore, ilie ddbrnin' of tiiii- 
poralurc butMccn the two bulbs 11111011 14 iiidic.itod 

Hut liquids foitui].ili.l\. .uo iiitumcdi.itc lu tliui i\|),iiimoiis 
bohicoii «olids and and wlioii coiit.iim'd 111 a glass usi-il oi .1 

propi'i loriii, till* cb.nigi's ot bidk \ilucli*tluy uiukigo can bo uidi- 
talid to any degree of pr-'fisioii 

A hollow glas'^ stoiii OI tube is sdeited, the (alibie or boio ol 
nliuli iua\ bi of any (oiivemeiit sm, but uiusl be iiiiifoun, or not 
iiidu at OHO place than .uioftioi 'Cubes ot \oi\ iiaiiow btiie, .lud 
iiliidi aiL called capillauf, the bote being like a ban m inagnitiidi’, 
an lion .done imploiid .Such lubes .ire iiiiidi b\ i.ipidlv dialling 
out .1 holloii mass of gl.iss iihilo soft and ductile under the uillniiKo 
oi lu.d 'riie Conti, d cavity stdl continues, buoimng the boie ot llio 
tube, and iioiild not cease to evibt .iltliongh Die tube 11 en di.iiin out 
i<T(o iTfl' (liiest tliKMd I'lnm the mode 111 iilndi i.ipill.iij tiibis aie 
m.ide, their equ.ihty ot lioie, and suitableness tor lluimonieters, 
cannot always In dipiinUd upon The boie is liequontlv loim.il, 01 
widei <it one end than at the othei It is listed by di.uung up 
into till tube a little merciuy, .is niiuh as Mils a liii hues ol the 
cu'ity I'hu hltlt' (oluiuii is tin 11 moved jirogrt ssivdv along the 
tube, and ds hngtli .ucmatdy iinasured, at even st.ige, by a ji.iir of 
(onipassis 'I'he eoliimu will iiu.isuri the s.imt in eviiy pait ol the 
tuh(‘, pioiided the Imre dm s not .dlir IVot inori tli.in oiu -si\th 
p,M I ol tin tubes made aie lound to possess tins rtqiiisilc 

S.ihsliid mill the rpgul.iiity'of the Imte, the tlieiniomdi i-imikn 
soKins oi.i ixliiimtY ot the tube, and blows ,i ball upon it 'I'liis is 
not doiii by tile nioutli, iiliidi would moisten the uiti nor, b\ iiilio- 
dnting watirv v.qmiu, but liy means ot lui el.islie b.ig ot caoiiUhonr, 
wliidi is titled lo the o])eii end of llie tube Ih tlieii rn.iiks oil tin 
IciilMIi wliiih tlu iheninmn ter ought to liaie, .iiid .ihoie that point 
ixp.iiids (lie tiilu into a seeoiid bulb a lillle biigii tb.iii tlie iiist It 
las then the foini ol lig S AlLir fooling, the opni (xtiimity 


,oI the tube is plunged into 





distilled and well-boiled 
nilrf ury, and one ol Ilii 
bulbs lieiited so as to ('vpel 
<iir from it Dm mg the 
roolingj tin irifKiiry is 
ilr.iwii lip iiiiiUrises into 
the ball o It is madi (o 


Fu. 8 



1<) IIIK ¥]IKItMOVETMI 

piiss fiom llu'iirc into llic lull h, l)v liinimj' (li(‘ iiisliumoiii, 
M) llicit /y IS .111(1 llidi 1‘XjM‘lliii}' llic nir Iroiu tli.il imlb 

a])]il\iiig lical lo it, .dtoi mIikIi IIk' mcKiirj^ il(sL<'niN, jioin 
the I'tb'ct ot coolin-' Tilt' ball h, bciu^; eiitiu 1 y filb'il willi iiic'i- 
cuiv, anil a poilioii hit iti u, the tiibi’ is ''iipporli'il bv .m iron 
■HiK', as i(.])i(’s('ii(i‘(J 111 till fij'iiK", o\ti .1 (liaicoal lii(, wbcu it is 
Ju'.itL'il tliimii^hoiil its wliolo l(Miii:t b, ^ so .is to boil the iiificiiiy, 
till’ i.ipoui of mIikIi (liivfs out all tin .111 aiul buiiiulitv, .iiid 
tlu balls roiitaiii at the end iiotlnii}' but tlu iiiel.il .iiid its 
\apour Till' open end ol the lulx, 'wlin b inu‘>t not bi loo hot, 
is tlidi toiididl Midi >'(Mliiiir-wa\, \ilmli is dr.i\iii into tli(‘ lube 
on nnltinif, .iiid solidities tlieieyOii jiiotictiny tli.it did oi tin Inbi 
fioTii Llie beat 'I'li.t! bdii” done, tin t'uiiiionu tei is iiiiinedi.itely 
\Mt]idia,Mti tioiii th(' liie, .ind biint^ held with tlie did seeded idtii 
11 av up])d]iiosf, duriin' tlie cooliin' tin b.dl />, and the poitioii 
oftlielubo In'loiv the b.dl y/, .ne Jilkd mill iiuidiii jVltd ooui- 
imi, ihemstmiiuiil is inclined a httle, and b\ Manning tin' loiiei 
ball, .1 jiortiou ol iiieicuii is ( xpe lied ft 0111 it, so that the nidciuy 
may .ifteniaids stand ,d a. piopei hiiirhl in the tube when the uistru- 
inenf is told 'I'ln fnhc is llun united intli (.in bi the bloii -pipe 
(lame be Ion the liail n, and tlostd, 01 In iiiiLtu.iliv scaled, ,is in t 
'I'he tlKimoii]ct(.i is m this nai ]ho]H'i 1 i lilh'd lutli indiiui, ,unl 
eoiit.niis no .111 

We li.uc' non ,111 instiiuiidil in iilinli lie i.iii iinch nicMsun .md 
(oiii|).iic <1111 ch.iinrc in llic' Indk ol tin iiuliidid Hind inctal [| cvinp; 
picvioiisK made snu' oi l 1 n‘ ecpi.dili ol tin l)oic,il I'ciidciil 111. it il 
tin nniciii> shells up and iiscv (m<>, (Ijili, loin, 01 tin nn In s 111 tlic' 
tube, li li.is exp.nnhd Imuc, tlnici, loin, 01 liu tniiisnioic III. in il it 
li. id linen oiih one nidi 111 tin lube Hi ])l.mnif .1 ifi.idn.ile d s( ale 
.iif.iinsl (lie inbe, lie' e .111, llieitlon’, IcMui tin epi.nitity ol c'xp.iiisioii 
by simple iiispe e lion . 

In enelei to h.ive. .1 iixeel pond on the se.de, lioin mIiic^Ii to l)tp;ni 
counting the e\]).insioji ol ineidiiy by ln.it, iie pliini't the bulb ot 
Ibelluiiiiometei into indlipj' ite, and put a iii.nk on the stun at the’ 
point to iihieh the inticniy falls lloiieid liecjiiently ive do ‘lO ivith 
the same mstinrneiit, n't sh.iU liiid th.tt the mcicury .ilnajs falls to 
the s.une pond This is, Iherelore, a lixeil st. 11 ting point Wt’ 
obi ,1111 .mother tixed point liy plpiigiiig^tln tlnrinometei into boiling 
ivaler 'With ceit.ini pit r.ndioiis, this pond mil be' found expi.dly 
fixed on c^er\ reputdion ot the expeimd id Tin' most important 
of these piccautioiis is, that the b.irumetci be observed to st.in,d at 
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$0 inches*, when llic boiling jioiiit is taken It will alldwanK be 
,tsx.])laiiie(l tliat the boilnit' p'^nt ol Halei \aiii's nilli the al]ii()s])li( nc 
'pict.'-iire to w liK'h it i" ^iibje* I at the time 

TlierinoiiK t( ts uliuli au piopLilv iIomhI, aiul contain no an, (an 
Jie in\ctte<l nithont injiin, tind (he nuitun l.ill'i into tin' tnln, pio- 
, timing a sound as natei (Iik's in the natei-hainnu i \\ Ik'd tin 
instiiinienl (onlanis .111, On tliuad ot iinifim is a])l (o dnuh on 
iinersioii, 01 Ironi otliei ( ik nnisl.nu I's \A lien tins .ninli'nl Odiiis, 
it IS best rfiindied In attadiiiig .1 string to the mipi 1 i ml ot tin* 
Uistrninenlj and nliiiling if loiiiid the lu.id Tin' (lilrifhed little 
column ol nnunn gineialU a( (|iui( s m tins m a\ a 1 (nl11l11g.1l loi((, 
nineli (P.ibks it to piss the <111, and ii‘]oin tin ineKiin in tlie Inilb 
\\ lien the gl.iss o| tlie bulb is tliin, it is pro|M 1 to si al tbe tube .us 
d(s(iib(il, .ind to let.iiii it toi .1 lin \\(‘eks biloii ni.iiknig upon il 
tin' li\(d points Tlu'inionieti'is, bomiei f.in'lnlh gi.idn.ited .it Inst, 
flic lonnd 111 a diorl Inin to stand alnne tin inaik in uniting ni', unless 
this piKantion In' attended to Old iiisti niinnls ollin m bi .is 
mtnhasli.dl .idegiee, 01 e\('n .1 degu'e and .1 li.ill, in lliisw.n f 'I'lie 
cfl(( Ms su]ipos( (1 to aiise ii(^in tbe piessiiu ol fin' .itniosplnn upon 
the Indb, nlinli, wlun not fiul\ spluiu.il, scinis to neld sliybth, 
and 111 .1 gi nlnal iil.uijn'i The fliaiui of tins (bbit in.i\ bi .iioided 
by giung the bulb a (dt.itn lliwkness Mi Cinlilon’s llieninT- 
meteis, 111 nlnili the liei/mic point bis not altdid in lorlv M.iis, 
Viie alt ill nie uiiiisn.dh tlinl in the gl.iss | 5 nt tins lliukinss h.is 
tin di .nkantage of dnnnnslnin^ (be sciisibilili ol tin iiistiiiiinnt to 

till' ini|Hessimi (>1 1 v at . 

We li.ni 111 tills \\.i\ tlie ( \]M(isi(m iii.iikdl oil on tin' Inbi, wlmb 
takes pli(( Intudii tin lid'/nig .ind boiling |)oiiits oj n.ilii On 
till’’ tl'^i Mioiinit P nliK li IS us(d m tins (oniitd, .ind (.died l''flln(n- 
hdl’s, tills sp.ii ( is -,ubib\"ldl into iSttdjinl p.iils, \i bn li .01 i .dbd 
dfgids 'I'lns diMsion .iiipiais eiiipiin.d, mid dilbienl le.isons aic' 
gi\('ii win it was o> 11,011, lib adoptid Hid , is b.dmidii it, wlio was an 
instrunu nt-mak( r 111 ll.imbiiitili, k< jit Ins piodss foi gi.idii.il mg 
tlnrinomeli rs a s('(i(|, we e.in onh (oim wn|eflnies as to wl1.1l win 
the pnif. piles tlial giiidid liiiii 

More c*.<ctly 2'l 02 iiichis, til it is, 7(i0 iiiilliniilrd , tlit littei nuiiibcj being 
■niierBally assumed on tlic uintnieiit as tlu stmd.xrd lieiglit of tlic barometer 

t Many tlicrniomctprs taiiiiot Lt iti d ,011 or HD dcgiecs, without a sensibli 
displacement of tbe /ero point, .as remaiktd by nigiinilt (Ann (1< ( liitiiio, .S. ,t 0, 
p 178), and by U Picrrc (Ib ^ I p 1^7, ct tT), p \M), who imlii.iti the 
extraoidinary prccanOons reijiiisite in the (uiistiiu tuin of tliiriimmetei s tni miiirin 
research 



IS 
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It lb moie coiivciiiciit to divitlo the sp,i('c hctwi'cii the free/.iii^ .nid 
hoiluiif of M.iler into KHt eijiial pails n lii< Ii, dom m (lie iii^tni- 
luciit of (VKiiis a S\\('dish ])lii]oM>|)lu‘i Tins diMMom^ i'“<iil<)[)t( d ,d .i 
later peiiod ni TiaiirOj itiidei the (Ilmi'iuiIiou ot tlu' ( '(‘iiliifiadi' scale, 
and is non ^fcinralh used om the coiiliiic nl 'J'lu Jui/m^r point o| 
watei ]s railed 0, or zeK),aiid the hoiliiii' iioiiil 100 Ihit in our Malr, 
the jioiiit lb arhitiatih callc'd .11°, or llu* .l^iid dcirree, and corise 
ipieiilH the hodiiiir: point is .‘{J added to ISO, oi the 21i1h d<i>:iec ^ 
L'lie scale can c'asdv he pioloni'cd to .in\ (\.leiit, .d)o\e oi below 
these 2 >nints, h\ inailviin^ oil upial hnu;lhs oi (he tube ha ISO 
deu;ie(s, (iUki aboie or tiilow tin* space hist maikcd 'l'lie dc ujtc c s ol 
(ontiution bdow /no, oi 0”, au ni.iik*d b\ 1hi‘ iiiiniis si.iii (— 
and c.dli d ne!j;ali\ e dei^U'c's, m oidc i to dis( iiijruisli Ihi m lioin dc eti i c •, 
ol the same iiariie abo\ ( /c lo, oi posit i\e dcyiccs Tims, 17° iiie.ms 
the I 7lh dc UK e abin e /c lo, — 1 7°, the 1 7 lb deecic c' imdi'i /no 
'I'lic oi)l\ otlin sf,di> III Use is Ihal ol Ueanmni, in tin Vnatli’t'l 
Chnnan\ The c \p.msiini belwc ni the Im /iim .md bodiiu' oi w.itn 
Is divide d into SO pills 111 this the inioini lei The u l.ilion In Iwi c n 
the three scales is ilUisliateel in the lolh,>\\ nii^ diagianr 
Vu. 0 lot. in I'u n 'l’lie /no of oiir 


ralireiiliiitS 

bcale 


( I iili^rade 
it lie 



lUuunur'a , 1,,. 

* low the fii'c/iii}; ])oiiil 

of wain, and the e\- 

jraiisioiis oi im'iciin 
aie iivailahh' in tin 

■ the iinonii li i fican 

I .bi) _ to 000°, hill 

I 

j 10 about the lalle-r ele- 

I Itrei' iiieTc iiiv uses m 

I I ^ 

tlie lube 111 (lie stale 
ol \apoui, bo as lo 
deiaiipe the nidie.i- 
lioiis, .iiul at .rhoiit 

000° it boils, and eau 
< ^ TU) loiif'c'r he'Te't lined 

111 tbe“ glass vessel, 



vvliile' at the foiinei lovv ])C)iiit it free/e'' or be-coines solid Foi eh'grec's 
oi cold below tire tiee-Aiig jioiift of irfcneurv, we must be' gnide^d b\ 


* A siinjjlc rulo liny be given fur couscrtiivg t'cnligrade degiees into degriis 
Faluenliut 100 degiies Cintignule bung ceiiul to 1H0 degrees Fulireidiur. 
10 degrees C — 18 degrees F , or 1 degrees C - 9 digrecei F ,* tnultiply the 



TUB THEBMOMSTBlt 


19 


ilip coiitrachon'i of alcohol or “ipirils of \nno, <i IkjuuI ■which h.is not 
Ibc't'ii frozen bv an\ clci'rc'c of cold .iic (apabh of ]m)ihi(nii' 
Thcie I'c no nc ason, linwinci, foi bi licwiiif' th.il wc' h.ucM'vci (li‘s(.in(K(l 
inore Ilian !(>() or 179 ilcuic’c"^ Iwlowycio of b'liliic iilic iL 

The ZPio ot tli('‘'C' ''O.ih s h.i"', llioiofoio, no rclalion lo 11 k' to 

of hc'atj or piniit at nliicli bocjic'' have lo'-t all lu'at ()t thi'- point 
Ve know iiolhmfr, anti tlidi is no i(‘a''on (o '^iippo^o that \\i li.iic 
CMi a])proa(h('(l it Tin '-rale of tc mpcral iiii’ mac be noiiipaii tl to a 
chain, e\leiith'(l both npnard'^ anti tiinuniarils be\onil oiir '^ll^ht 
AVe fi\ iijioii a ]iaitifiilai link, and count iipnaith .iiul downwaitU 
fioin til it link, anil not tioiii the bijeiniinn' ol tlu cli.nii 

The inians ol piodncin^ lit at aie ninth nioie at oni tominanil, but 
wc lia\( no iiua-'iiK' ot it, ol easy applitalioii and aihnillt'd acinian, 
abo\L the boilinj* |K)inl of nieitiin Uiconi'-e has ht i n had to 
the (\jiansion ol bolids at hii(Ii ft nipt'ialiiK ■*, and \aiioiis jnio- 
idtilt'i , or "nit. (Sines ol liie,'* h.i\i bi't ii piopostd I’ltiltssoi 
Dauii'I’s p’\ioniitii is ,i i.iln.ibh* iiistiuinent ol this kmil, of which 



Ccntigictdi, tlrguia by n, ,nul diviile by 5, and add *('2 Thiib to find the digrce F 
COrre<i))oi|^bng with aO C 50 

5)150 

'> 0 . 

add J2 

Or the 50 C coircsponds with the 122’ F 
Fur^acilijy of inference u (able of the coiiesponJing degrei s is given in Appendix II 
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(lie indications result from tlic dillcrciicc iii tlic e\i)<iiisioii hy Invil oi 
<111 iron or pldlinuiii b<ii, and a tiilio of uillrbaked bliu L-lnul wnio, 
111 uliuli llie bell IS coiil.iiiK'd Tlie Tnit.illn b.ir rt is dioilci fb.iii 


tile tiibc^ iiiid a slioit jiliiy of e.iiflu'iniiiit h is ]>],il ((1 in tlie riioiitli of 
(lie tiibi ,iboM' flic lion Ii.n^ .iiid so xodiiiil In ,i sli.ij) of platiiiuiii 
foil <111(1 <i lilfk iiedge, tb.it it sbdes mtli ditbnilty in llie lube Bv 
till' (np.in-ioii of (lie iiiebilln baij the [ilna: of e.ii'tlieiiM.ire is pushed 
oiiln .lid-., <iiid leiii.iiiis ni its new posifion ,i((ei the < oiilirU turn ot the 
iiK (.dlic b.ii oil (ooliiig 'J'lie j‘\p.iiisioii ol llie non b.ii thus obl.iiiied, 
is iiK.iMiud In .iil.iptin^ to the iiidiiiiiieut <m mdi'v, t, which 
ti.niisiv, a (irnil.n M.ile, bitoii .iml ,»lli i tlie i .iilheini.iie pliij^ h.is 
1)1111 iiiinid oiihi.iids bv flu e\]».iiisioii of I he init.dlie b.ir 'llie 
ill mi IS m, liked (111 the stale aie m i.iih iiis| i niui'iit (()mp.ii(‘d e\peri- 
iiKiil.ilK Mifli lh(is( of (111 iiuiiiin.il seal(, <ind llu lalio in.iiki d on 
llu' instiiiiiKiib -o fli.it its dei'i(‘e-> ,iu> (oincitible inlo those of 
I'aliK iilu it, (I’liitosojilm d 'ri.iu''<u lioiis, IS 50- 51 ) An <nr Ifluiintj- 
iiatei, ol will! Ii tile Inilb and tnhi wire ol nietil, h.is .lUo liteii 
niipkni'd to cNploie liicdi liin|)( i.iliiiis In ihe old piioindir of 

W ( (li'wood, tin (li sj;u’e o( 111 .(t w,iM shin, l ( (1 In tin [h ini.iiii iit iiiiili.it- 
tioii M hii li IS piodni c d upon ,i pilli ( ol pipe-r l,n , but tin iiidn .ifioiis 
of Ibis iii^li niiii III <111 l.ill 11 ions, .mil il li.is lonff man out oi use 
'1 he ,i|i|ilii ihilili ot till uuiimi.d tlu'inionn li i to ini.isiiu iliii;ieis 
of hi.il, lit pi ikK upon (vvo nnpoif.nil ( lit iiinst.niii s, wlmli nnoht 
tin whuh Iheon of tin ni'lininent — 


|s| lilt hollon ul<is> li.dl, mill if- hue lube of nnitoiin boie, is <i 
mil llmil miaMin Tin b.ill .md pail of llie stuin beiiin; filled mtb 
<1 (bud, till •'liLclili-'t ilinii'e in Hit Inilk ol tin lliiul, nbiib iii.n .iiisc 
lioni (111 .ipjilii itimui! Ill at oi of lold to i(, is i oiispienoiislv lAhilnted 
1)1 (Ifi iis( til l.ill 1)1 till (luul culuinn 111 the 4 i in Xo inoio delh.ite 
nnasiiii of (In bulk ol Hind loiild hi devised 


. 11(1 II ((iitnu.it( K b (pp( ns that llie e\j><insioiis ot jiiercurv, nliifli 
i.in Ihiis b( tin isineil so ar< nialih, aie luoportion d lothe finaiitities 
ol In It nliidi piodiu, (In 111 I 5 iil tin mode in nbiili (bis is ], roved 
iei|mits 1 liitl, atlinlioiH Suppose ne li.ul luo lestnoirs, one (on- 
tamiin. 11.1(1, md lb. mh.i Imf «.,(ii Plnniie a tlieimonurtn bull) 
<o>i(.innnir ....n.iiv Ins, „Uo the lol.l natii, and niaik .it nli.it pc, mi 
Ml tin s,nn till m.rtniv stands Then pinnae it into tin hot naler, 
<1111 inai a s() (li, poii^i io n hwh theonen iiiv now uses in the stem 
1 f<in ohMoush m<ik. he.it nlnili mil be li.ilt n.iy tlj betneen 
be ho, .fill! eold wall,, bv ta knur the s':une t|natitilv of (fie hof and 
(Old water, <md miximr (hem together Aow, iloes.tfi,?, h.ilfc he... 
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jinwhicf* n li.ilf <‘\])atisioii in inwciiiv’ On In.il we liiul tliiit it doo'. 
Ill till' iiiixfjin’ oi ('(|ii,ir iiiiit'i ot Ilii* lint«nul cold ^idli'i, llu* iiK'Kur) 
d.iiuN c*\.ully lidli M.u liotiiri'ii (li<“ rn.nks, siipposini^ ihc ('xpiTiiiu nt 
(n Ik comlin tt'd villi llie jiiopi i jircc.iiilnnix Tliix pnnt'x tli.it llu 
fliliil.itioiLx ot in('icni\ ,ii(* piopoilion.d to»lliL iidiiisiU ot the lu.H 
wlndi piodiici'x tlu‘111 Tn tlio inrniin.d llicimoini'ln, llimloK, 
cpi.nilitK's ()i d( ifH'i's of ('xii.nisimi inn bo t iki'ii 1oiiidi(,iii qii,in1ilux 
oi ot in ,if , .nul tli.il is (lio |)iiiin])l( ot tin inxInniKiil 

Till x,nn( ( oiicxpuiidc iK (■ <‘\iMx In t\1( 1 11 llu (\p.inMonx ot uit ,nid 
ilio ((Udiitilicx of lic.it mIikIi prodiKo tluin Indud, in .nij tin 
< orK’xpondoncr ix iii^dlv nliili' in iiuicinv it is onl\ a ( loxi 

appioMtnalion Tims Dnlojii' and Fi til toinid Dial tlic boilmir ])oin( 
ol iiKTi nrv wiis^ 

As measured by mercury iii a sy]ihnii 080’ 

“ “ tbc air tiu rmomeU I (ti lie temp f C02 

“ “ meicury 111 glsss (Mr Ciiclitoii) COO 

A short talilc cxliihiluiij; till iiuuMsinir latt ot Du expansions of 
nu H Lii\ li.is alic.idv hcon ^vtit, bid <e!ass i xp.nuls in a latio nu ii .isnia; 
(|nili* as iapidl\ as this nut, fl, so Dial tlu i’X|)ansion o| Du 

iii(um\ III tlu th'mioni(t(t at biuh 1(‘in]K latmi s is loiliinalily 
(OiKilid In tlu lucirtisint' (^apa(if\ ol Die tflass bulb* 

Dixid oils and spuds ol wiiic do nof di'viati liit lioni niiifoiinil\ 
111 tiuir expansions, at Last at lo« li ni])( lal iin s, and Duitloie .in 
sonu limes used as tluiuioinetiK lupiuls Spud ol ■viinetiu.imoiiuleis, 
lunidir, aio ofUn (omul to x.wi (» oi S diieieis (loniuuli ollui at 
tdiijui iliuis so hni as’ — 3(1° oi — 10” 

Tlu iiiionieli is liavo been devisrd wliidi induate Die hurlu'sl and 
hnysl tnnjK'ial me wliieli Ins occiuied bilweiii two obsi n.itioiis, oi 

11 liu li was iiniidcd by 
l)i Hutlii Hold, IS 
ot this kind 'I'liis 
Jiisti mill id f oiisistsj 
piopi D) speakiiii', 
of two Dieiinome- 
teis, one ti, ol spud 


.lie si'lf-registeinu' A Duimotiu Ic i, 
Fu. n 


ir" 

vJ 


-U- 


- 



flf wine, and Die olbei, b, ol Jiui(in>, wliii li aie plaud in Die position 
11 pieseided m Du iiguie, Du ii sti ins In inir lioii/otd.il 'I'lu Du rirui- 
iiielir b IS inti nded (o iiuffi.iti tTie iiiaxitnniii leiiipi r.itme It 
contains,iii advance of Die *nei(iiiv, a shoif piece ot non wiie, wliirli 

* Vi <1 dhte gn the Compariiiun of the Air iitid Alt rcurial ThLrinoinittis , by 
M RegnaiAt Annalea de Chimie, &c J sii t 6, p 170 
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the mercury earnes forward uitli it iii dilating, and which remains m 
its advanced portion, niaW iiig the higlust' temperature that has 
occurred, iilien the nieituii iiitlidraM Tin miiumiim temperature 
is iiidu.it(d bv the spiiit ot wiiM IheminitK tti a, nluch contains, 
uimuised iii tiie “ipiritj a (Sniall c^lnidir of ivoiy, which, by a slight 
inrlin.itioii of the iiisliuiiient, bills to ll'u siuface of the licpiid without 
Ixmg .ible to jiass out of i( \\ lien the ( lienriomi tc r Milks, the ivoiy 
IS (.iiiKil back ni llie spmt, but wlieii llii teni]iL‘iatnie nsi's, the 
alcohol onl\ iihanees, leavnig'tlie i\ofv wlieie it wa« Its exticnnty 
most distant Iioiii tin bulb then null, ati-' tlu' lowest tiinpciatiirc to 
winch the fli('iinoni(tei had hecii t\])osid Uc foie .mother observ.i- 
tion is made, the ivoi^ must be btoiiylit again to the sintace of the 
alcoliol bv a shglit pi k iission of the in liiiiiuiit 
Anolhci silf-riicistciiiig iristiiniii id, known in London as Six's, 
has till; gieat adv.iulage over till' iinxeding iiisfrmiunt of hei. g 
imich lissh.ibh to go out ol older If eonsisK of one tluiuioim m 
oiiU (fig II), iilh'd with coloiii](‘ss spuds c)t wine, having .i huge 
tyhiidiK.il bulb Tlie slein is twice hint, Pjo 

.nid contains a coluinii of imidiiv, "iii the 
lower bind, which isinccmtnct witlithe .ileoliol, , / s. 

aiicl jih.iiiecs oi recedes with it Oi\ iitlui'' ' A ' 

side ot tins nieicinj theie is pLccd ,i Idlle ^ Aj j 

non cvlnidei, m index, e and c/, winch has a 
tine liau iito|( cliiiir fioni it, so .is 1,, ol ' I 

against the sid(.> of (lu tube, , mil •caiist the ■ — — 

<>liudii In move with a lillh dilliciillv 'IWe ^ 

inni cylinders, winch have llaUeiidcxl ends co- ^ '' ’ —— 

vemUvith .ivitiemis matte i, .ne hi 11 1 -rid into ’ so 

coidae t willi flu nu'ieni} bv uie.ins ot a mag- pn 

lu't, and ai(‘ jiiished along bj the eohiniu of — ^ < 1 70 

nnicuiv, when the l.iltei is moved h^ the ^ ro 

alcohol 'Hie miiiinuim te iiipii.itiue is m- 

ehcated b\ ,, .md flu iiiaMininn b> tl The ^ 

tulu' IS exjianded at e, ail'd soalid altci filling 

that spar,. ,,,„tly wdlx .ilcoliol, foi no other ’ * 1 

pill pose than to tae lid .ite the movement of the “ 

iiulev, c/ — 170 . to 

Oiir not urns o( thcMang. 'of t. nTjiei.d uro J 0 

'H then ])ncismrt fu.m the iise .ot the ' LjfJ T 

111.. mom. le. ('oh|, lo^ 

snbstaiilial evus(enee, ..s well as heat, po,iular l.mguUgc ‘ Wl'mt is 
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coldi* it IS the absence of heat, iis darkness is the absence of hf^ht 
Tlie absence of hr.it, however, is neves comyilele, but oiilv yi.nti.d 
W.Titer, after it is fro/en intone, uihl <vs it is m rihition to oiii bodies, 
]i.is not lo't all its heat, lor it is easy in cool a thennometi i fai bdow 
the Iciiipcratuie of ice, and h<ive it in sjich a eoinlition <is Ih.il it 
shall .itquirc hc.it, and he e\yiTinde(l byeniitact with ice, tliii^ ])i(i\iii^ 
th.it file ICC eontams heat Spiiits ol wine li.ive nof bi'en fin/ni at 
the lowest teinper.itme that has hitherto bcc'ii .if tamed , Imf i ' ii flu ii 
this liquid possesses he.if, .iinWhore i^ no doubt th.it if a sulii i. nlly 
hirifc portion of its heat were wifhdi.iw'ii, it w onld fiei^e lik(> ofliei 
bodies The following arc inteiesfiiig ciiciiiiis.tancLb m file range of 
tnnperatiire — 

— IOC'’ Fahr Greatest .artificial cold iiieasurrd (Firnilay ) 

— 150’ Liquid nitrous oiidi fitc/is ‘‘ 

— 122’ *' Liquid sulpliuretUd hydrogen frec/ps “ 

— 105" ‘ Liquid suI|iIiuroiis icid frti/ch “ 

— 71’ ' Liquid c irboiiK .uid frcc/cs “ 

— 01” ‘ Grc.itest artihual cold mcasuied by Walker 

— 06" “ Greatest najiiial cold obscucd by a " vciihcd” tlicimoinetcr 

(Sabine ) 

— 70" ' Grcatiit natural loUl observul at Foit llcliancc by link 

tloubtfnl 

— 58" ‘ Estimated tempcwliire ol planetary space (Fourier) ’ 

— 17" ‘ Sulpluuic ttlicr freezes 

— 39" ‘ Mercury freezes 

— 30" ‘ Liquid cyanogen freezes ( F iraday ) 

— 7" ‘ A mi'^tnre ot equal parts of ali oliol and w atei frcc/es 

■I- 7" ‘ A nnxturc of one iwrt of alcohol and llircc jiarts ot Wdlci 

freezes 

20" ‘ Strong wjnc freezes 

12" ‘ Ice melts. 

• 50" 7 ‘ Mean temperature of London 

81 5 ‘ Mean temperature at the Squalor 
98’ ‘ Heat of the human blood 

1 17” 3 ‘ Highest natural temperature observed— of a hot wind in Upper 

Egypt (Uurckhardt ) 

151" 34 Wood-spiiit boils (Is Fiorie ) 

172" 91 Alcohol hods “ 

I 212" ‘ Water hods 

412" ‘ Tin melts 

.591° ‘ Lead melts 

6C2" ‘ Mercury boils 

980" ‘ Red heat ^aniell J 

1141” ‘ Heat of a common fire (llinieli ) 

1869" ‘ Brass melfh “ 

22)^3" ‘ Silver melts " 

3i(79’ •' Cast iron melts “ 
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I’Ajual bulk- of (hfriunl sub-tancc-., -^iith wator and momiry, 
nqiiirr tin .idditicjii of (lilhmit qiMnlihcs of Iwat to piodiico the 
‘..iim in tb(Ji Innpcr.diii. 'lliis appeals eMdeid liom a 

vaiuU ol (IK iiin-l.iiKo It luo -iniilai gkiss Imltis^ like lliermo- 
iiiitii-j oiu (oiitauiiMU^ iiKKiux <Hid till- oIIki WfilcPj be iiunieisfd at 
llu same (iiiii in a liol a.di i-l».i(li, if jvill b( blind Ibat the mercury 
bulb 1 -. iK'.itid ii|) fo fill tdiipdafiiie ol tlie nafei-balli in ball the 
tiiiK Hill ih( M.ild bulb u((inies, and it tlie hiobiillis, alter having 
both allaiiKil the Idiipiiatiiie of tlu wald-bath, be leinovtd fiom 
it .iiul ( xpoMil lo lli(' an, the iniuiin bulb will (ool twice as lajnilly 
a.s 111! ollid Tin -e ( 111 (Is mnsi aiise Iroiri the ineieiin absorbing 
oiiU li.ilf the qii, infill ol lieal which the watii docs m bdiig, healed 
lip lo ihi' siioi' degiii ni the wald-batli, .mil fioiii h.iMiig, (oii e- 
(jiidilh, onl\ li<ill llu ((luiiilih ol luat lo lose in the siil)s('([nent 
(ooliiig Vir-iiii, d we iiii\ equal iiMaaiiis ol w.itd il 7ll°.ind J ;i0°, 
the tiinperaliire of the whole Mill be 100°, oi the hoi iniMsn/e of 
w.itd, in losing !J0°, clci.ites the tdiijii raliiie ol tlu' cold ineaMiie by 
an (qiial .imoinit Jhit il we sulistiiule lor the hot watci, in tins 
i ^[)dl^ldll., .111 (((ii.d ine.isiiK- of inerenrv .it 1.30°, on mixing it with 
tin iiKMsuii ol w.itd al 70° the Uiiipiiatnre of the whole will not bo 
100°, blit iiioK niMili 00° 11(10 tin iiieidiry is cooled fioin 130° 

to 00°, Ol lo-d, 10° ol luat, wliub li.i^n bei n tiaiisfened to tbew.itei, 
bill wliuli lai-c Hie IdiipeiatuK ol tbe latter oiilj 20°, oi Iiom 70° 
lo 00° 'To luat Hie iiuasnie ol watei at 70° to 100°, we iiiiist mix 
wiHi it two, Ol Until inoif than two, ( (jn.il me.i-sures of mercury at 
I 5tl°j*.i!tb()iigli Dili iiuasnu'of xi.itii .it 130° would answd tbe jmr- 
]Do-e II, till leloie, tini ineasntes of ineieniT, by losing 30° of tem- 
lui.iliiie, liOiit oiilj <iiif Tiiiasme of water 30°, it follows that hot 
UK Klin possiss(^ only half the h(>at ol otjii.dly liot w’.iter, oi that 
w .ltd 11 quires double tlie qn.intily of he, it that is ri (jmred by mercury, 
to lai-e it .1 ceit.nii inmibfv ol degics's Tins is cxprcsbcd b^ saving 
that w.itir li.is twill’ llt^ < ajun'ily fot hvnt that mercury posSUsi’s 
It is moie roniemcnt to express the c'lpafitics of dill’erent bodies 
foi luat, with itfduice to eqii.il wdghts than equal measures of the 
bodus Oil aciiii.iti (inl, it is lound Mi.it a pound of water .ibsorbs 
tliiili times im.ie 111 at tlian a poniul of mercury, m being heated the 
s.nne nmnbip ot degries Hm (apacity of wiitei for lu-at is, therefore, 
tliiitj (mils ir,i..,td than that ot mercun The eapaOties^of these 
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two bodies arc m the relation of 1 000 to S3 , and it is i onvenicnt 
to express the capacities for heat of all»bodies, in relation to t1i.it of 
water, as 1 000 Such numliers are the sjwnjic hents ot bodies 
There are two methods usually followed in di teniiiiiiiii^ (.ipatitv for 
heat The lirst, which w.is th<it praitistd by MM Didoii'r and Pi tit, 
consists in allowing djlferent Viihstaiues to eool the s.ime iniinher ot 
degrees in circiimslani es which .ire exactly snnilai , to inclose them, 
for nistaiiee, in a jiolished sdvcT \es!a‘l, eoiit.ininig the hidl) of a ther- 
mometer 111 its centie, diul tb pl.ic^ this vessi 1 under .i hi ll-)ar m 
which a vacuum is made The time winch the dilfeieiit sulist.inecs 
t.ike to eool, enables us to calculate the cpiaiitit} of lusit which they 
giie out The second, or method of mixture, consists m heating 
up the metal or other substance to 212®, and then throwing it into 
a \essel containing a considerable weight of told watei, to which a 
( 15,11 itfiw of heat wall he connniimc ateil, initl a rise of tempiT.ilure 
iK7a-.i()n(il pioiiorUonal to tlie capatdv foi lie.it ol I lie siibst.mci 
'I'lii lollowuig T.dili cont.nns itsulls of M Iti mn.iiilt, wliidi closely 
coincide with the piior dclciminatums of Diiloiig and IMit — 

Subst.<TiceB , 

Water 
Ire* 

Oil of turpcutine, at 63 5° Fahr 
“ " at 30" Fahr 

Wood charcoal 
Suljibur 
( ilass 
Diamond 
Iron 
Nickel 
Cobalt 
Zinc 
Coppi r 
Arsenic 
Silver 
Tin 
Iodine 

Antimony . 

Gold 


Sjiecific 111 at of 
equal WLiglitb 
1000 
in 
4‘Ziif 
dll 
■24 If 
201 
lOS 
ll7t 
113 79 
lOH 63 
ino 96 
9 ■) 55 
95 15 
HI 40 
r>7 01 
56 23 
51 12 
50 77 
32 44 


* Eld Desaina, Annalea dc Chimif et dc Wiysique, 3«ie aer t 11, p 300 (1843) 
By another method, the number 465 was obtained Xbe capacity of ice is, therefore, 
sensibly one half that of water * This is a valuable paper, which will be referred 
to with advantage 

t negnmilt, ibid t ix pp 339 and 324 
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SabstBncei 

Platinum 

Mercury 

Lead 

Uismuth 


Specific heat of 
equal weights 
32'13 
33 32 
31 -10 
30 84 


Tlu* * * § inttliod of tooliiii' git ('srt Mill-, sfooxnrtj iis (o allow the dctcc- 
iion ol ail ]iin(.i''i of (a|)<ifit\ Mitli llu* toiripoiaturc llie capacity 
of lion, whin iriid kltiu'ii .} .iii J 21 2°, a-> tiai, llic cisc tilth all 

the bodiis in Ihc tahlc, tias 1*10, oAt 115 hetwceii 32° aud 392° 
and 120 hitiii'i'n 31° and 662° 11 liciico follows, that tlic ca[iacity 

for III a(, like dilat.ition, aiigiiu nk in pioportioii as the tcnipciature is 
fkiatrd Diilong and Pi tit hktttnse cstahlishid a rilalion bi'tttccii 
the f.ipacitt foi IiimI ot nutallu bodii^ .nid the proportion by ticight 
in tiliicli tliin coiiibinc tilth oxtgiMi, or aii) otlur substance, ttliicii 
ii ill airinn be aih cited to 

Ol all liquid 01 ■'olid bodies, ttalti has much the greatest capacity 
foi heat III ncc till s(a, iihich coteis so large a ])ic)poitioii of the 
globe, IS .1 great iu<iga/iuc‘ of IumI, aud has a beiichiial inlliunici' in 
iqiiah/ing atinosphiiic ti iii])i latiiie Aliieiiiy has a small sjic'cilic 
liiat, so (hat it Is (jiiickli liiatid or fooled, aiiothei proiuily ttliich 
riioiuniciuls it as a lii|uid (oi the theimwimli i,*impaiting, as it docs, 
gnat sciisibihtv to flu iiisliuiiieut 

The ill (i imiiiatiun of (he speiilic heat of gases is a problem 
invoKiil III the gn.itisl praelie.il diHIcnlties , so that no( till list aiiding 
its li.ning oicniiiiel (he attention of ^oine ot the ablest chrinists, oui 
kiioMldlgi till the sulqi't t is still ot Die most iinriitain nature It 
li.is heeii < 1)111 hull d in Delaiue and .Maicit,* anil by lili Ilajcraft,t 
(h.it tj^ie spicilic heat of all gasis i-. (he same foi eejiial volumes Put 
(Ins opinuni has been eonlioveited h> l)ulong,t by Dr Apjohn,§ 
and bi Siieiiiiaiin,l| vilio han' lolloiied Dilarinhe and Peiard in tins 
inqiinv^l 'riuii midioel iias to (lansnnt knoiin ipianlilies of (he 
gasis, he ited to 212 ° lu an luiiloim current, through a seipeiitiiie 
luht', siiiiouiidid In vi,i(t^ tlie teuipeiatuic of vvliii li vias obseiTcd, 
In a eh lu ale llu 1 1111)1111 tei, at tin bi'giniiing and end of the' juocess 
1 lu ii suits obtained hf' the chlleient c'xperimcuters arc contitmcd in 
the feilliniiug tabh — 


* Annaks Jc Ch de Ph f 35, p , niid t 41, p 78 

t Edinburgh Phil T|jins 1824 

t Aiinalcsdcdi «t dc Ph t 41, p ll'a 

§ Iransctions of tlic Royal Irish Academy 1837 || Ib ti C3, p 315 

•" Aiiiiales de Chiiuu , t 75 or Annala of Pbilosopliy, ii « ’ 
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SPECIFIC HFAT OF OASES 


Name of the gas 

Caimcity 
for equal 
volumes 
Air+1 

Capacity for ciital 
• x\ Lights 

Authority 

All — I 

VV atcr = 1 

Air 

1 0000 

\0000 

, 0 2009 

Dt larochr and Ucrard 




0 3010 

Suermanii 

Otj gen 

0 8080 

0 7328 

0 19 >0 

Apjolm 


0 970') 

0 8818 

0 2301 

Dilarochc and llerard 


0 9951 

0 9028 

0 27aO 

Suermann 


1 0000 

0 90G9 

\ 

UiHrivc and Marcet, 




t 

Ilayi raft, Duluiig 

Ll>ilr(igen 

0 9013 

12 3101 

3 2930 

Delaroche anil Her iril 


1 0000 

1 1 1930 


I) &AI ll.aycraft, Dulong 


1 3979 

20 1121 

0 1892 

Siiei ni 11)11 

f •• 

1 1590 

21 2001 


Apjolin 

(,h1orine 

1 00(10 

U 407 1 


III 1 11 ivc and Alarcet 

Aitiogeii 

1 0000 

1 0118 

0 2751 

Uilnrochi and llciurd 


1 <)()05 

1 029 1 

0 $1 $8 

Suermann 


1 0180 

1 0711 


Apjohii 

Steam 

1 9()()0 

1 1 $1)0 

0 SI70 

Diliroihc and llerard 

C.iiboniL oxide 

0 993') 

1 0251 

0 312$ 

Sui nnxun 


0 99(i0 

1 02 $9 


Apjuliii 


1 0000 

1 0h02 


r> and M Duloiig 


1 (MIO 

1 0805 

0 2884 

Dol.iroche and llcrird 

Carbo iic aeul 

1 0000 

' 0 0557 


lluycr.ift 


1 00j5 

0 0925 

0 2124 

Suci Dianii 


1 17)0 



Diilong 


1 I'JoO 

0 7838 


Appihn 


1 2230 



UchriVL and IM met 


1 2583 

0^(280 

0 2210 

Diluorhe mil ISirird 

Sidpliurous ncid 

1 OOllO 

0 4507 


Ucl.irive and Man it 

SnliiliuK tud liydrog 

1*0000 

0 8185 


ti i 1 

Il^didchloiiL acid 

1 0001) 

0 7925 


M li 

Nitrous OAide 

1 0000 

0 0557 


l< 14 


1 1229 

0 7Sil 

0 2210 

Siiermmn 


1 loot) 



Pnlnnir 


1 19 10 

0 7827 


vVjijohii 


1 I'lO! 

0 S873 

0 2309 

III 1 iroi he anil Ucrard 

•Nitric oxide 

1 7000 

0 9010 


Del invc and Miircct 

Ammonia 

1 1)000 

I O'lOS 


II 1 

(’yaniipLii 

I 0000 

0 5517 


II If 

Olefiant gas 

1 0000 



Hay cruft 


1 aJlO 



Dulling 


1 5530 

1 570$ 

0 4^07 

III 1 iruclic and Bcnril 


1 5300 



Dtlarivc and Marcct 







Tt 'Will be observed/ tli.it tlie capdcity for bent of stenjii^ .is well as 
of icPj IS less tlian that of an eijiial weight of w.iter lienee tlic 
spi'filic heat of a hotly may tliaiifjc with its ph^sual stale .Delarochc 
.irul Bcrar*l likewise observed, that the rapacity of .i g.is is iiicre.i''e(l 
hv its rafcluction When the volunit of a mis is iloubletl hv witli- 
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drawing half the pressure upon it, its ^p('rlflc hi^at i« not ipiiti* so 
much as doubled This w the reason nliv a g.is becomes eohl ni 
expanding In the expanded stale it leuuiies moie heat to sustain 
it at its former temiierature, fiom the aiurmeulalion uliicb lias oc- 
curred in its eapacili 'An expanded into double its volume is 
cooled 4.0 or 50 degiees, and it has its tempeiatnie laised to that 
extent by eompussion into half its volnnie, siiddeiilv condensed to 
one-titth of its volume b\ a jiistoii iii a small cvliiider, so miieh beat 
is evolved as to cause llie ignition of a rc'adil^ inlliUiimable substance, 
such as tinder 


COMM L NIC AT cox OF IIKAT in CONnurilON AXD II A III ATT OX 

1 L'oiiductton — W lien one c'xtic'imlv of a b.ir o( non is plunged 
into a lire, the hi at passc-j tliroui?b the b.ir m a giadiial m.iuiicr, 
being coinmumc.iied troin particle to paiticlc*, and aftci passing 
through the whole length of the h.^r, uiav aiuve ,it tlie other 
pxtreimtj Heat, when cou\e\cd in tins wa), is s,iul (o be con- 
ducted j 

Til solid substances, the jilicnoincnon yif llio coiuliiclion of heat is 
so siiniilt and familiar, that little need be said cm the snlijiet Dif- 
ferent solid substauics vary oxcecdiiigly iiom each olliei lu their 
jiowei to eoiuluct heat Dense oi heavv substances an gci.eially 
good eondiietois, while hglit and poiims boibi's conduct hint iiii- 
lierfectly Hence the ninvcisal use of suhstames of the lattcT ela-ss 
for the pm poses of ilotbuig Count Ttimi ton! obscTvecI, that the liiiei 
the ficbne of woollen cloth is, the more imjH'rteetlv doc's it eonducl 
'riie down of the cider-duck appcMis to be uinivallid m tins u pect 
Bad conductors die also the most buitahlc for keeping bodies cool, 
protecting them from the access of heat lienee to piesene lec 
m summer, wt wrap it in flannel Among good c'ondiictors oi lu'at, 
the metals arc the best v The relative conducting power of si vi'ral 
bodies is expressed by the nuiubers in (lie* following table, flom the 
experiments of Despre^iz. 


Gold 

» 1000 

Tin 

303 9 

Silver 

, 973 

Lead 

179 0 

Copper 

898 

MaVble 

21 0 

IroD 

374 3 

Porcelain 

14 2 

Zinc 

303 

Clay 

11 4 
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Gliuss IS till im])crfcct conductor, for \re can fuse the point of a 
(fhuss rod in a lamp, •holding it within an inch of the extieimt^ 
On the conirar}, we find it chiliciilt to heat any part ot ,i thuk 
metallic WHO to redness in h lamp, oyviinj to the rapidity witli wlmh 
the heat is caiiud aw.iy by the contiguoiis^p.irts 

The following t.ihle of lhe,touducling power ol lanous rn.iteiiah 
used 111 the consli lu (lou of houses, as observi'd by Mi lliilclunson, 
I-, ot ton''idei’able utility for pradiial purposes The sidisfaiius .ne 
aiiangidin the ordei in whiclwUiiy roMsl most the passage of heat, 
the warmest substances, which aie most v.diiable in const ruftioii, 
being placed fust * 


NaiiiL uf ^)ubst.imc 

% •. 

CoLiductiiig 
power rcfeiied . 
to til it of si lU* 
= 100 1 

Namr of Subbt.im e 

Condiii hug 
lionei ri tel ltd 
"o tint of plate 
-- 100 

Pliilii Hid Sinil 

IH 70 ' 

IJitli Stout, 

III OH 

Keene's C'eiiieiit 

19 01 

I'ln Buck 

fil 70 

VU'tcr ot P ins 

20 2b 

pHllsviiik Stniii (11 P ) 

71 Ifi 

Roman Ci im iit 

20^H 

Malm Bnek 

72 92 

Hdfli Wooil 

ii 11 

PortI inci Stone 

75 10 

liithe and Plaster 

23 53 

1 aim lie M arble 

75 tl 

tir VVood * 

27 Cl 

Bolvod .1 StOIH (11 P ) 

7b 15 

Oak Wood 

3i,C0 

Norfal Stone (H P ) 

95 3f> 

•k'phllt 

15 19 

Slate > 

100 00 ■ 

( balk (soft) 

50 3il 

Yorkshire flag 

no 91 

Nn])ii1ion Aluble 

5H 27 

la ad 

521 31 

Stock Briik 

GO 1 1 




(\itaiii vihiations win. obseived 1 )> Mr Tievelyan to take i>la(e 
bdweeii metallic inassis liaiing difliieiiL liniptT.dinos, ocrasioiiing 
p.irticnhu sounds, whuh a])peai to be connertid with the (on(>*i((ing 
pow i r ot the metals t Thus, if a ho.ited < iirvid hio ii 

bai of biiiss b, be laid upon aiold support of 
h ad /, of which tlie surface is flat, as re])resented 
111 the figure, Iho brass bar, whili communicating 
its hi'at to the lead, is thrown into a state»of vi- 
hraiioni .ucomiiained with a rocking inolum and 
'the, production of a musical note, like that ot the 



* New Experiments on Building ^Tdtc nuls, by J UiAihinson Taylor and Wultoii 
The three substances marked H are the building Aonrs employed ui the coiiitne - 
tion of the New Houses of Parliament * 

t Phil 'flag 3d Senes, vol in 321 
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The rocknig motion of the brass b.ir, dccnlontally commenced, appears 
to be coiitiiiued liom a repulsion which e\istsibetwen heated surlaees, 
enhanced iii this ease by the low conducting powei vif the lead, 
winch allows its Mirlatf to be strongly heated by the hi ass Pro- 
tessoi Poibts iinds that the most intense iihiations aie ])ioduccd 
between the best eondiictois and the >\oist conductors of heat, the 
latter In mg the cold bodies* 

Oiir (udmary coiieeptioiis of the .ictiicd teiiijieratnre of diircreut 
bodies are iiiiuh athitid by |theii ((.nidiittmg powei If wc apiily 
the hand, at the sume tune, to a good and to a bad conductor, such 
as a iiK'lal and a puce of wood, wliuh are exactly ol the s.iine tem- 
pciatiiieln the tlieimoiiutc i, the good conductor will fed coldcn or 
liottci than the otlui, tiom Ihi'greatei lap'ditvwith wlmhit conducts 
.iwa\ hent Imin, or < oiimLiimcatc s ht.d to, oiir bocK, aeeording as 
the teinperatnic of tin* iiutal and wood happens to be above or 
hi low' that ot tlie liaiid applied to them 

The chlhisionof heal lliiough hepndsand gases isctfeeted, in agieat 
measure’, In the motion of tlieir pariic les among eac li ot her IVlum hc’at 
]s apjilied to the lowc’i jiartol a mass cr'' lK|iml, the heated poftioiis 
beeoineligliter lliaii the lest, and nsecnrl rapidly, con\e}iiig or earijing 
tliehcat tlirough the mass of thetliiid In a gLiss,<lcisk,foi inslnmc, eon- 
F,a 10 t.iining wat«'r,%iith winch a small quantity 

of ail} hght insoluble powder has been 
mixed, a cue id, it ion of the' tUiid may be 
obs(H\ed upon tlie application of the llainc 
of <i lamp to the bottom of the vessel, the 
heated licjiiid using ni the centre of the 
\essel, and aOtiw.iids descending nciir its 
sides, as represented in the atinexcd figure 
But when he ,it is applied to the surface of a 
liquid, this eirculation docs not occur, and 
the heat is projingatcd very nnfierfpctl} down- 
wards It has even been doubted whether 
fiqnuls conduct heat downwards at idl, or, 
indeed, m any other way than by eoWcying 
it as .ibove dcscnbeci It can be jiiovcd, 
however, that heat passes downw ards m fluid 
mercufy, aiuf licnec it is probable that 
all liquids possess a slight conducting power similar to that of 
solids 



* Edmb FhiL Trans vol zn 
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Let the endless tube reprcseiitul m the 
uctonipan} ni^ Iluiire be ! 5 up])U''('cl to be 
t'liiiii'ly bUeil witli u<il('r, and tlie liuit 
ot a liic be applad to the louei j)oitioii 
of d .it a, wliieli !■> into <t ^nii.d 

tonn, the ii.itii will iiiimedi.itely be sit 
111 niutioii, .111(1 made to tiuiil.ile tbioiigli 
tlie tiibi', fioiii tlie e\p<iii>'iou .iiid .eiceiit 
ol ^lie poitioii 111 n, .Hid tile uliob ot the 
M.itei m the tube will be bioui'lit ui Mic- 
(t'-sioiito the Mill! (L of be.it The tiibi 
m.i\ be lid into an .ip.iitmiiit .ibo\e </, 
and b( iiii'twT'ti d mio .uiolbi'i '■pn.d .it b, 
aqii.nilifv ol the lii.it ot llii ( lu iil.tlMig 
u.itei will lie di^rli.iiin d iti piopoilioii to 
theixfiid ol 'iiuI.Ke ol tube (vposid A\,ilii ol <i leiiijiei.iliiie 
( oii'idi i.ibly .ibo\i .ll.i” is iii.ide lo circul.iti iii <bl^ in.nnui tlnoiiffli 
a \(iy •'tioiii' diaw ii-iioii (ubi ol .iboiit oik uidi m di.inutir^ loi the 
]mil)(i>( ol licaliiii' hour's •«iid piiblii biiildiiii('- A "liidil w.i^te ot 
tile w.itei is lijimd to ot ( iii^ so tli.il it is iieeiss.oi to iiitiodiiri' .i 
si'i.ill (Hi.iiititi o\e*j {(.wwetks b\ an opeiiiiif? .ind slopttx k t, in (lie 
uppei 2><»t of (be lube Tubit. ol lais^ei t.ilibii, w illi w.iti i nicil- 
l.iiitiy below the boilinij pond, aie likiwisc imu li used loi w.ujiiinjj 

l.llgC blllldllljrs 

Aif and gases arc very iniperjeet eondnetois lTe.it .ippi.iis to be 
Jirop.igatod tbrougb tbem .almost cntiiely by conviyanre, the bi.iled 
poilioiis ol .111 beeoming lighter, and dillusing (lie be.it tliioiigb the 
mass in tlieir ascent, as in li([iiids lienee, in lie.itiiig .m apaitiiii'iit 
by*liol an, tbe bol .nr sboiibl .dw.iys be lotiodiiri'd ,it Ibe llfloi oi 
lowtst 'Pin; adiaidage ol double windows foi w.iiinlb depends 

m a gre.it mc.isurc on the shoit of air toidiiitd between them, 
tlirengh w Inch heat is lery sUiwh ti.insinitted In the lui of .iinm.ils, 
■nid 111 clothing, a cpiaidily of an is lU lamed .imoiig the loose lihies, 
which niateiTally enhances their non-cimSuituig propi'rta In diy 
air, t]i(»huiiian body can lesist a U*iupei.dure jnl ^'d)” wilboiit niion- 
vuiiciicc, provided it is not brought into coiibict w ith good conijuctoib 
at the same time 

Radiation oj Heal — lJ«at is also emitted from flic surface of 
bodies in the form of rays, whicli pass through a Viuninii, .nr, and 
certain other transparent niedni, with the veloiity ol light * It is not 
ncccssar^'tha^ a body be heated to a visible redness to enable it to dis- 
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charge heat m this manner Bays of lieat, uiiaccompdiiicd by lights 
continue to issue from a hot body through tin I'holo process of its 
cooling, till it binks to the actual tenijiorature rtf the .iir or suuounil- 
ing medium Tlie circumstance that Iwiiliis siispe'nded in a jk rfeet 
vacuum cool rapull> and completely, viithoiit tlie iidervenlioii ot con- 
duction, places the fact of the dissipjition of licat by ladiation, at 
low temperatures, biyoud a doubt 

The most v.duable obst i v'atioiis which we possess on this suhjeit, 
were published by Sir John Lfslic, p/ his Hssay on Heat, m ISOl* 
Leslie proved that the rate of cooling ot a hot body is inoie iiiilueiiced 
by the state of its fate than by the mdur ' of its sabsltmce He 
filled <1 bnght tin globe with hot water, anil observed its late of 
cooling in a room of which the an was niuhstiirbcd A tlicrmoinelcr 
placed m the water cooled Iialf way to tlic tcmjieiature of the apart- 
ment in 156 minutes The evjierinient was rejieati'd, aftei iincnng 
the globe with a thin coating of lamp-hlack T'he whole now eooltkl 
to the same evtent as in the first c\])eiimerit, m Si minutes, tlic la- 
pwhty of cooling being nearly doubled mi'rdv by tins change of siirf.u e 
An expmmcnt of Count llumford is even more snigulai A) atoi, 
of the same temperature, W'as aUowcd to cool m tivo simil.ir brass 
cylinders, one of wdneh was covered by a tiglp niiestiture of linen, 
alid the other left naked The coviie'd \esstl tooled lO® in 36 ^ 
miinites, wlule the naked \essel iet|Uir(d 55 minides, or the cover- 
ing of linen, like tin coating ot lamp-bl.ifk, greatly expedited the 
cooling, instead of retarding the escapi nt heat, as might he expei led 
Tlie cooling was aciolerat id m the same maimii,w]ien the (\limlii 
was coated with black or wJiite paint, oi smokeel In a e.iiulle 

In dtleiiiuniiig the raelialiii" jioiwr ol Jilfeieiit surf-ues, Le-he 
gencifdly madeun^ ol sipiare tin eaiiish rs, of wlinh the sni faces wen 
variously coated, andwhidi he lillid with hot watii Itisfiad ot 
watclung the rale 
of cooling, as m 
the experiments 
already mentioned, 
he presented the 
side of a canister, " 

having its surface ' 
in any particular ' 
condition, to a 
concave 'metallic 
mirror, which con- 
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frntiafod tin- Jieat falling iiiioii it into a torus, hIktc tlic bulb of 
nil air iluTiiKunclcr WiiJi placed to mei'^e it, as represenird m iIk 
fiiine\ed figihe 'I'he dilforential tliorinoinetci .iiiswirid adimi.ibh 
for this piiipose, as from its toiisinif tion it is imafleitid bv the 
teiiipeiat lire «t till loom, ivliilc tlic sliglite-'t cliangi in lln l(m|)(ra> 
ture ot tlic local spot is inmicdvitely indicated by it 
TiuniietidlK minors \k le oerasionall^iisi'diii londiictiiifi these' c-xpe- 
innents 'Hie imi lois bc'iiig arianped so as to fac (' c ac li otlii i (tig 10), 
Milh their prmci- 

jial axes m the n „ 

sum line, ivlicii /TV _ 

a lighted lamp oi _ 

hot eaiiistei is | 

plaeed lit till' locus _ X^'V' 

lit one minor, the . 0_ J'' 

iiu’ulent ni>s aie O 

iclleetcd hv tli.d, r ^ 

inifioi against the oilici, and tollitted in Us loius 
'Phcfc lolloping tiblc cxhibih the relalne ladiatiiig poun ol saimiis 
snlistaiues with whieh the snilaee of the canistir was toalcd, as 
iiidiiated In the eflecl iipoii the dith'iential IheniiniiK li'i — 


Tiditip-bhc 1\ 100 

Water by cstim itc 100 +- 

Wnting.papei 9H 

Si aliii|'-wax 95 

Clown glass 90 | Tin plate, golil, sil\ei, cuiiper 1^ 

Lt thus ajiptMrs that lamp black raduUes (ive tiiiu's moie ol the 
heat of hoiliiig uatei than clean lead, and eight tiims nioie than 
hiiglit till 'I'lie iiiilcds have the loiiest radiiiliiig poiiii, winch 
aiisc> Jioui thou biiglUiu'ss and Miioothness [| allcmcd to farnisli, 
(lipir ladiating ])cn\er is gicsitly incieaM'cl 'I'liiis the i.icliaimg powc i 
ot Ic.id nitli its snil’ace tarnished is 15, and with its suilace blight, 
oid\ 11), but glass and poreehnii rach.ite most ]ju\\eifiill\, althongli 
thc'ir smface is smooth 'When the atlftal radiating suiface is 
iiulalhc, it IS not .iffceted iii a sensible maiijjei b> the substaiiee 
under it Tims, glass (ovend with gold liaf possesseb the ladiiitiiig 
poMcr ot a bright metal 

Tt IS placed betoiid doubt, Ipi the lofent cxpmrimi'iits of Oi Bachc, 
that the radiating pmiei of any smface is iiQt affected by its rohnn , 
at least in an appiecitible degiee Ilcnce, no paitnular c'olmir ol 
flothoi can be* reconun ended lor .sujierior waimtli in winter Hut 

D 


Plumb igo 7') 

Tarmsliecl leiil IS 

Clean Itad 19 

Iron, luilisliiil li 
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llip fibsorbpiit jiowcrs of bodie*' for tlio beat of flip <«iin ( 1 p|)pii(I 
nitirply upon tboir colour * ' 

Tlip inculty wliipli cbtlorpiit ‘surfacps pos'^p'^s of ah'ihihinff or oi 
reJhcluKj lic.it radi.itcil ilipiii/is coinu'ttpil ivnlh llicir own 

r<itlicitni£( ponpr Tlio'ip, '■ uiI.ipps wliii li i.iiliiilp lip.it frpi'lv^ Midi us 
lamp-bliitkj gl.i'.s, kc , uImi .ib:>oib ii l.ngi' propoiliou ot Hip lu'.it 
f.illiiig upon tliPin, .nul k licet little of it, mIiiIp siiif,iccs wliiili liavp 
.1 fcible i.uli.iliiig anil .ibsoibiiig Liuilh, siidi ,is tlic biiglit indiiH, 
relied .1 l.irgc piopoHioii, <i>‘^ ilK> .i-Voib litllc, aiul form llic niosl 
pon Cl fill relied 01 s Sotli.il llic good ib-iOibcnts are found .it llic 
to])j and Hip good idledoi-^ .it Hie bolloni ol Hic iiipceding t.iblc 
Till' dlitipiicy of .1 idledoi deppiidinii upon its low .ibsoibiiig power, 
rdledors of gl.iss .up totally useless m (ondiiding ixperiuKuls upon 
radi.iiit lit.il ]\rdallu iilliclois ipin.iiii told, .ilHimigli Hu y colled 
mudi bc.il 111 HiPii Ion 

Tliisp laws of Hie i idialioii of luat adiiiil of some prailu.il .ippli- 
(.itioiis 1 1 we widi lo idaid, .is iiiutli as possible', flip eooliug ol a 
bill lliueleii oilier substaiKc, in wb.it soil ol xe's^l sliould we' uiilosi 
it? Til .1 mel.illie \issd, ol wbieli Hu^suilaep is ueil dull .iiiilsooli, 
but tle'.iii aiiel Inglili iiohslu'd, leu it lias been obsiiuil, Ib.il liol 
w.itei cools Iwiee .is last in .i liii ulolie ol!>\\liiili Hu* siiil.ire > 
covpicd willi .1 ibiii roaliiig ol laniji-blae k, as in Hu same glolie' wlun 
tlie snifaec is biigbl <ind ele.iii lleiite tlie .iiK.iut.igc ot lu jgbl 
iru't.ilbc coicis III t.ibli', .iiiel Hie snpcnoiih ol inil.ilbc tca-]>ots ovci 
Hiosp of poieil.uii and sloiicw.iic 

TIll>SArT&STON or 15 ALU \NT III \T TllllOrC.ir MI'.DTA, AMI Till] 
n FT-.rT OF sen, rvs 

It lias been sbewri bj Didoiig .mil I’llii, Hi.it bot bodies i.i- 
eli.itp e'c|unll\ in nil g.isi's, or exact!) asHiey r.idi.de in ii i.iruimi liol 
boehis (i'll. mil) cool more r.ipiell) in some gasi's Hi.in in oHiirs, bill 
tills Is owing lei Hie inobilit) .mil eoiulnding jiowcis of tbe gasps 
b'lng ililleii'iit * 

Light ol tveiy odpur, anil fioin e'viry somce, is e'e|n.fily (r.Tiis- 
initteil by .ill tr.itisp,irent bodu's m tbe ]ie|ind or solid foiin, but tlji’s 
isiiotlrueoflie.it TJu lie.it of the sun juisses Hiroiigb .iii) Iraiis- 
parent body wilbout loss , but of lic.iv fioin terrc'stn.d sources, ,i cei- 
iam x'anable proporlum only is allowed to pass, winch iinroa.scs as 


* JoDinnl of thePranklm Institute, May and Novembi};, 1^33, 
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(he temperature of tlie radiant body ii, i-h'vated 'I'lum, n 
observed by JDelaroche llu(, from a body iwMtod to 182° only l-IOtli 
of fdl the lieat emitU'd jwssnl Ihroiij^li a ■'■cieeii from ,i body 
at 34f)°j 1-lClli of tile ubolej ,tiul fitmi ,i body .it ',)()()°, mi laiyi* ,i 
pioporlioii as l-1(li aiipeaicd to pass llnonirli a [rlas>, sfiLcii " M 
IMelloiu lias^ \ntliiri the last fir vv jtais, grc.itly ixtended oiir know- 
ledge .especliiig the Iraiisnu^siou of heat tlnoiigb media, iii a sent, 
ol the most piotoaiid rcseardus * In liis oxpinmeiifs, lie m.ide use 
of the thenno-elerlric pile to Meted 'obangi's of timjxiafuK , an 
nistrumnit -nliuli, in liis Jiaiids, evhibitid a Miisibibly to tlie iiiiprc- 
sions ofbeat \asth g,(.U(i lliaiitbat of the most ddualt iiuirtuMl 
or til tin imoiiietei 

ills instrumentj oi flu tluriiio-iuul1iijli( i (hif 20), loiisists oj 
m ariangemeiit of tlnily pans of IjisnnUh and antimony bai- 


Fic. 20 



eonfained in a bi.iss cylnidei, t, and liiiiing flu lines jioni its 
]1 oIl»! eonneeted iiitli an e\tieiiiely dthfafi inaguetu galvanoim tiw, n, 
I bo e\tn’imfics of the bars at h Imiig exposed to ,my sonnai ol ladi.uit 
Slab as Ibc cojipei eylnulei d, heated hy the lamp I, iiliile the 
teinjieialure of the other c’ytrcmitics of the bars at t is not elianged, 
m cleetnc current passes tbrongli the lines from the pole's of the 
pile, and causes llie magnetic needle of thi'» galvanometer to dellect 
Hie fou^! of tlie ek’cliic cuiieiit ini teases m jui^ioifioii to tin diflti- 
t’lce of the tempcratuics of the two ends, h artil f, that is, in piopor- 
tft)ii to the quantity of heat falling upon h, and the effect of tins 
eurrent upon the needle, oi the deviation produced, is pio]ioitioiial to 
the force of the current, and consequently to tRc heat itself, at Iciist, 

♦ TliE compleljg senes of Melloni's Memoirs is given in Tuylor'a Stientila 
Memoirs, Vflls. I and II 
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Mclloiii finds this coiie‘'j)oiidoiit/e to lx‘ ia.icI flnoiigh flip wliolc arr, 
fiom '/pro to 20°, ^vlipii tl\p jippdlc is truly .isC.itu 

MclIoiii ptoipilthal lu'at, iilndi lini passed 1hrouu;h'oriP pl.ilp of 
glass, bpfonips loss suliioct to .ibsor])tion iii p.issiiig tliioiigli a sppond 
Thus, of 1000 la^s of litwt fioui .in oil II, imp, lo I i.ivs bpiug intei- 
cepted m passing tluough four platos ot glass of ripial tbu knoss — 


3B1 lays wen 

lull rrejiteil liy 

llu 

111 si ]ll. 

IJ 

by 

llie 

SOI Diul 

18 

b> 

tia 

till III 

'I 

‘ Ijv 

llu 

tlMIllIl 

I'll 





'Pile rais appear fo losp i oiisuli iabl\ mIuii llu \ oiilii flip Hist l,n pis 
of a traiispatpiil imdunii , lull lli.it poitum ol Iii.il, wliidi li.is^ lurtid 
its passage till oiigli flu (iis( iaiois, mav piiidi.ili lo ,i gu.ii ilcplii 
'IVansp.noiit b(|iuds aio loiiiul lo bo liss piiiihabli lo i.idiaiit liisit 
lliau solids 

The capaiili uhidi bodus pos-( ss (i liaiisimHing lioal do^-s not 
deppiid upon Hull tiaiispaipiicv , oi bodus, lu nut ,it ,ill hnn^imn nt 
to /lent 111 the same piopoihou lh.it llu\ .m,. Ii.'uisp.unil to liglil 
Thus, ])lil(s of llip lollowiiig tiaiispaii 1*1 mmn.ils, Ii.uiiig ,i roiimioii 
thipkiU's-< ol 0 lo.ll of ail uidi, .illomd mu dilliiiiil [iiojimtums ol 
the heat Iroiii the Hauu ol an aigaiid oi!-i,im]> U> )>,iss tlnougli iliem 

Of ]O0 iiKidtiil lais tlipie niie Ijaiisiiiilled - 


By lUiik-viU 



Tnv> 

Miiror iflass 


G2 

i i 

Ko< k-i.rys(al . 


b2 

4 1 

Icdaiul sjmr 


1)2 

f 

Ui)ck-cryiit,il, sniuky uiul biowii 


57 

( I 

(JarbniiatL nt luul 


52 

4 ( 

Sulphate of barybs 


1.) 

1 1 

Emci aid 


2'J 

41 

Gypsum 


20 

4 4 

Fluor spar * 


J5 

( ( 

Citric arid 


15 

“ 4 

Ro( belle salt' 


12 

41 

Alum 


12 

44 

Sulpliatc of copper 


0 

44 


A piece of smoky rock-erysf.d, so bre^wu that the traces ol letters 
on .1 ])niited page covered by it could not be seen, arid*wliieh u.us 
fifty-eight times thicker than a transpaient pl.de of alifiii, Itanshiitted 
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19 rays, wlulu tlie alum ti aii^mitlcd only 6 One sul)'jtancej Clinch 
IS ])crfectly (^).i((uc, a kind nt bltick glash'iised for tlic polanj'.ition of 
[iglit by Wius found by Molloni to alloAV <i considtialjlt 

r|iinii1ity ol rays of lioal to pa'«s tliioiigh it Hr aj)|dir(l tlir t( nn 
(hathetnmnuus to bodies nlncli tiaiisniil»Jicat, as diaphanous is 
ipplied to bodies winch tiaus-iifit light 01 all diaphuvoiit, or tiaiis- 
[Kiicnt bodies, iratei is in tlic least degree diatlierinanous \\ itli the 
i\i option ot tile opupic glass rcfciied to abo\e, all ibalheriniiiioiis 
bodies lx long ‘also to tin (lass of diaphanous bodies , lor those kinds 
of metal, wood and iiiaibh*, wlin h totall) obsfinct the j)ass,ige of bglit, 
obsliiict that of beat also 

Tile jnopmtioiiof heat froinvaiious sources wlndi ladiates tbiongli 


a pl.iti of glass l-.'jOtli of aii uich lu 
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But the power of traiismissjoii of iO(k-«iilt is the same foi heat 
lioiii all th(s( sonices, oi lot heal ol all iiitnisilics , pei cent ol 
tlir incident li< at being tiaiismilled by that bod\, n bet liei it be tlie 
liisit lailiatid (loin tin band »i Aom a blight ai gaud lamp Koi k- 
sali stands aloiu in tbis’resped among diallicimanims lioihts Tins 
snhdaiK e may he (“lit into lenses Ol ])iisnis, and he ns('d in foiui'ii- 
tialnig heat of the very' lowest intensity', oi in decomposing it by 
double lefinchon, in the sanu inaiiTK i as glass is (ni|)Ioyeil with llie 
hgl’t of the sun Indeed, uxk-salt has become (pntc invaluable iii 
iiseaiclns upon tlu' transinissioii ol be.it 

It thus ap])iais that a body at diHeiciit ti mpeiatiiies emits dillcTctil 
speiies ot r.iys ot heat, Mlneli may be sifted, or scpaiated tvoin each 
oilier byjiassing them through ttibnii traiispaniit media They are 
.dl emitted snunltancously, .iiid in diH'en lit piopt'iftunis, by tlaine , hut 
nr iveat fioiTi sonices ot lowei intensity some of them arc always 
absent Tlic caloritic vys ol the siin .irc chiefly of tlie kind which 
p.isses through glass, but Ifetloni shows tliat*tlie other sjiecics aie 
not altogether wanting Th# rays of heat emitted by the. sun anti 
other luminoiis^bodies are quite diflerent rays from the rays of light 
with w*\iicH they are accompiimcd 
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Of the oquilibnum of tenipcratm/’ scvonil bodies iil 

v<inuub tompcral UR'S, soine^cold and suinc libt, are pJared jieai i.uli 
other, tlieir teinpciatnres gRidually appioxiinatc, and, ul’Ui u teilaiii 
licnod has elapsed, tla-y aio toiind .dl to be of one and the same 
temperatiue To ai count foi the piodncLion and conlniuation ol 
this cundihinim of tcinpeiatiiR', it w neii’S'-ary to as'iunio that all 
bodies me at all tunes radiating heat in great .diuiuluKe in <dl diicc- 
tionSj .dthongh then tcinpriaturc docs not exceed or ev'^c'ii f,iU,& below 
the tcmperatinc of the atmctepherc * Hence, there is an iiieessant 
uiteicliaiige of heal belnmi neighhouiiiig bodies, and a general 
ec[iialization of feinjjc'ialuie is produced wlun every object receives as 
iiiiich raihated heat <is it eiiuts 

Tins Iheorj, nliich was fust proposed by I’re'aist, of Geneva, enable'- 
us to account for llie .ippaient ladialion of (old fold, v\e knou, is 
a iK'gative quality, being iiiiuly the .ibsnue of lu.it, .ind'i.nihot 
then lore be laduited Yet, n hi ii .v lump ol u (' is plai i d m tin foc ns 
of a lellediug nunoi, a tlurinonieter in the loins of the ojiposik 
loiijug.ite inirioi is chilled 'I’o account for this jilunonnnon vvi 
imist ri inemhei that the teinpti.dnie of*tlie thii-nionu ter is stat‘!oii.iiy 
only so long as it reecives as much lu.it as it radj.itis It is ni that 
sl.ilc helbio the expeument is m.uh'MiJli tlie'iee, toi tin an oi .inv 
ub|(ct winch may happen to In in the olhu focus is ol tin s.hik 
teinjiei.itnre as the h.dl ol the theiiiionicki Pmt it n cviduit th.it 
the moiiieiit ice is iiikodiicid into one (ociis hs-, lie, it will he simt , 
lioin th.it to the othei foiui than* w.ia jinviouslv li.uisiiiitled, .mil 
111. Ill IS iii(is-,aiy to snst.Liii thelluiiiionuk r .it a loiisl uil leiiipei.iliin 
Tin llniiriometei hall, then foie, giving out ,is iiiudi hc.it as loinieilv, 
aud^iceeiving hs-, m retiiin, must t.ill in tcinjiLiatuic ^I'lus is .111 
(xpiuinuit in vvlnch the tluimonulir ball is 111 (act the Itot ho(h/ 

'Hie doitinie ol the i.idi.itum ol biat is liappily apjihed to account 
loi the dl position of dew A consuli r.dile leliigeralioii of tlic surt.wi 
of llie gioiind bilow the leinpiiatuie ol the air lesting iijioii it, 
.imouiitnig to It) or iiU^digrcts, oiims cviry Cidrii and di’ar night, 
.iiid is causrd by Die r.idi.ilioii oi lie.it liom the earth (winch is a good 
i.uli.iloi) into I iriplj>'\pace K^ow, on heeonniig colder tliiui the an 
above it, the gioninl will condense the moistuie of tlie .nr m conl.Kl 
will it, and he coveied with dew Poi the an-, however clear, i' 
tiivir d( shtiite of w.ilery viijiour, ancf the quantity ol vajioiir vvlneli 
iin (an letmn depends ifjioii its temper.^uro, .ur .it 52°, fornistanee, 
hung c.qi.ible oi ictamnig l-MOtli of ita volume of vapovu, wlule .h 
:>2° it ran let.iin no iiioic Ihun l-f50lli of its volume* 'Itic gieati-sl 
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(ItiroTcnce between the temperature of the day .md mf^ht lu this 
couiilry t.iJces pLiee m l|)rm}' and aulmitfi, and these uie the seasons 
m nlucli tli’e most abundant dews are deposited 

Tliut the deposition of deiv depends entirely upon radiation is tully 
established by flu* following encninstanecs — 1 . It is on clear and 
calm nights only that di \v is ()bher\'( d to fall M hen the sky is 
overcast with (londs, no dew is formed, for then the heat winch 
ladiates Iroin the eaith is returned by the clouds above, and prevented 
iinm escaping into siiaecj <10 Miat the* ground never bceoincs coldei 
tli<in the air 2 The shghtcst screen, such as a thin cambric htuul- 
keidiid, stretched between ])ins, at tin luiglit ol several indies above 
llic gioiind, IS sulhcient fo protect flic objects below it from tins 
ehiUuig ellect of radiation, and to picveiit the lorniatiou of diw 01 ol 
hoai-liost upon tluin Tins tact vias well known to giiideiieis, and 
Uiey W^id long availed themselves ol it in jnolednig then tendei 
jilfints troin frost, la'fore Ihc laws of tlie radiation of heat eaine to be 
evplained 3 l)i Wells jirovid by numerous e\ponmciits that the 
(j'laidity of dew wludi condenses on ddlercnt objects evposcd m the 
Niim? ciiciimstiiuces lb pioporlional to the ladialiiig powei ol those 
substaiues T'luii^, when a polished plate of metal and a (juantily of 
wool aie exposed tc^otlui^m favoinable ciiciuiislames, siaicdy a 
tr.ice of dew is to be obscivcd on the nid,d, wliile a large* (jUiintily 
loiuleiises in the wool, the lattoi sub-'tance bung iiicoinp.nabl} the 
best radiator, and tlniefore tailing to a iniidi lowci hinper.iturc than 
(lie metal • 

Tin* same tlieon hJis bieii applied to evplam a pioces>, for making 
]((' (olluwed by the Tiulian natives near Calcutta In that chmate the 
tc’Vipeiatiiie of the <iir r.irely falls bdow 10 ” m the coldest nights, 
but the sky is cle.ir, and a powiifid ladiatioii takes jilate fiom the 
sinface of the gionnd Jleiicc, water conlamed m shallow [laiio 
imbedded in straw is olten slicclcd over with lec 1)^ a niglil’s expo- 
siiie T’lie vvalei is eei t am ly cooled by iadi.itie)n iioin its sierbice, and 
not by evapoiatioii , leu the [uocess succitcIs bi'st when the pans are 
pkiea'd^iu shallow tieiielies dug in the gioinid, an arrange incut which 
^ retards evaporation , and no icc loiras iji*wiuely wc.itliei, when 
•ev.ijioration is gicatest 

T'lie iiiorriing frosts of autumn are Inst fell m secjuesteicel sil na- 
tions, as 111 ravines dosed dh all Melos, 01 mloiig llie low coiiiscs of 
rivers, wlu'ie the cooling (*f the eailli^s sifil.ue* by ladiatmii is 111 (lie- 
least degiee j.licckcd by the movement of the air over it These aie 
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also the very situations, upon wlnditlic sun’s lays produce tlic greatest 
cftcct m summer 

Ileverting again to tlic subject of coiidiictioii of lieat tlirougb solid 
bodii's, it may now be stated, tbat tbeie is evciy reason to believe 
Ibat lieaf is piopagated, li'tn in lliat case, m a maimer not iiidibe 
radiation Heat, in its' jiassage lliiongli a bar ol non, is jirobably 
ladialed from paiticle to piiliele, for the maliri<d atoms, of ubieli 
the bar consists, arc not suiiposedto be in absoliiti' cnntaet, ulihongli 
held ncai each otliei by a strong attifution H-idiiitioii, as observes! 
in an oi a \aeumn, may thus jiass mlo condintion in solids, \utliout 
liny Ineaeli of (ontmuity^ in the iiatnial law to mIucIi beat in motion 
IS Mibjict l3aroii t'oiirier proceeds upon siuli an Inpotliesis m his 
in.itlienialif.il mvestigalion of the law ot foiling by eondiutioii in 
solid bodies^ 

We aie non in a condition to .ulieil mill advantagi lo llie. ('(pii},'- 
biiiiin n( the teinpriatme of flic laitb 'J'luic can be no doubt' ol 
tlu i \isleucij in tills globi ol oiiis, of a i c/ft/ff/ //f nt At a diptli 
inidfr the suilace ol the caith, not m geiieial i\ceeding tuenf\ leel, 
the tlieniioiuetei is peitectly stulionan, not being atlefbd bt the 
fliaiige of file seasons , but at gieatei dijitlis tlie» (einpeialiiie jiio- 
gie'sndy rises l\r Coidiei, to ubom ^\e aie*indebted foi a most 
piofonnd iinesligaiion ol tins ndeiesting snbjeel, (oiisideis ilu two 
eonclusioiis to be esi.dilislii d by all (lie obseiv.itioiis on leinpiialMie 
M Inch ba\e b ( 111 made at (on>ideiable flejitlis 1st Thcd below the 
slMtnin wlieie the annual \aii.itioiis* ol the "ulat Inat ce.is(‘ to be 
seiisilih, a notable iiiciease ot tcmpeiatiire l.ikfs jil.ue as wi distend 
into the iiiteiior of llie earth 2illj That a riitain nicgulaiity niiist 
be admit led in the distnbiition of the subterraneous beat, wbi>di 
occasions tlu progiessue imnase of teinpciatiiic to vary at dilleiLiit 
places Tifteeu \aids lias been punisioiially assumed ii* the averagfj 
depth winch corusjionds to an nn rease of one digrcc Fahrenheit 
Tins IS about IIG degrcfs for eadi mile Admitting fins late of 
increase, we Ii i\e .if a depjtli of miles below' the surface a tem- 
jieiafiire of -‘SjOO”, wludi would melt cast non, and winch is^amply 
sulllfient to melt tlicNj^as, basalts, and otliei rocks, which ba\e 
actually been erupted from below in a fluid state Hut tins ceiitraT 
beat Ins long ceased to afl'eet the surlacc of. the earth Founci 

Cl • ‘ 

* See a reiiort by Trofessor Kelland, On the present state of our Theoretiial and 
h\|)oiimen(al, Knowledge of thi Ltins of the Condifbtion of Meat, in tlic Reports of 
tin lintisli Association tor the Advoricement of Science, for 1841, p 1 
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denionstrates, from the hiwa <i[ coiidiictioii, that althoiigli the crust 
of tfic globe livcrc of Ctist iroii^ heiifr would require injii.uls of 
1 ears to be tnuiMrnltcd to tlie surface from a depth of 150 iiiilm 
15ut the crust ol tlic globe is actu,dly composed of matcridls 
gieatly inferior to cast non in conductnJg power The temper a- 
(iiie of the surtrue ot the gfobe now dtjiends upon the aiiuumt ol 
iie.it which it reeeives fioin the sun, compared witli the lieat r.idiated 
lioni its siiif.ue into lice space Theie is reason lo belii-\e 
lliat no inaleiial ch.iiige has oecurred in tlic quantity ot heat reeened 
tioiii the sun dining tlie luslornal epoch The ladiation from the 
sMifacc ol the caitli has ils limit in the biiipiratiiK of tli( planetaiy 
sp.Ki in which it nu)\cs, winch Koiincr deduces, liom calculal ion, to 
lu‘ bctwien — 5S° and — 70”, and which Scliwanheig, lioiii a Ciih il- 
lation on lolalK di(i(r«nt piinnphs, c-tiniales al — o.s” 0 , <i dose 
(PmiiTiniie Tins low tempi latiiic appeals to he .ittamiil in the long 
absentc of tluj sun iluiing a polai wintii, as Captain J^aiiy found tlu 
Iht iinomt ter (o fall so low as — 55” m — 50” at Mdville Tsland , 
,hul ('qilaiii B.idv lias ieioi(],eil a ti inpeialure obseived on the ^'oith 
.\uiefiraii loiiliiieiit so low as ■ — 70” 

I’Ll IDTTY j!S A\ LFJb’ICT Ol' IILVr 

One of the gi'ueral ellects of he.it upon bodies has nlieadi been 
.uImiIuI to, namely its powei of e.iusing tlnni to evpaiid, wlndi 
diiuandcdoiu e.uhcst attcjitiuu,* .is it nnolves the piiiiiiple nl llii 
Iheirnonicti r lint heat, besides efTiiting changes m the hulk, is 
La]).d)li ol elVeclmg dianges in the condition of bodies IVCiller is 
pri»>eid(d to u^ in thice \eiy dissmulai conditions, or foiras, n.^indi, 
111 tlu solid, liquid, .mil gaseous foims It is lieheM’d tli.it iio body 
li PI still led In any of these forms, but tliat llie st.ite of boilu's clipeiiils 
eiitiuK upon the tempeiitiue ni winch they are placed Tu the 
lowest temperatures, they are .ill solid, in higlui teinpciatnrcs they 
<ire couierted into liquids, and m the highest of all they become 
clistic ^.isps. Tlie paiticul.iT tcmpei.itmeb at wluch bodies undergo 
tliesc changes ,ire exceediiigly vaiious, but thei aic alw.ns coiistaiil 
for tlie same body The lirst ellcct, then, of he.il on the st.itc of biiiheb 
Is the conversion of • solids into liquids , or heat is the c.iubc of 
fluidity 

Some substances, in hiju»*fying, pass through an iiitcnncdiatc con- 
ihtioi^ in wln^i it is difficult to say wluthei they .ue liquids or sohifs 
'I'lius i,iU?iw, wax, and se\ei.il olhei bodies, pas^ Ihioiigli every pos- 
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(l('grcc of sofhio'oi before tbc'y •iltaiii • ompUte lliniliiy Su(,li 
boilies boH ever, are 111 gemv ill inivlnu> ol Uvo oi mine biibi't,iiiecs, 
winch cij'stcilli/e iiinieilectlv Hut icc, mid llie gieat in<i)oiity ol 
bodies, ))ii‘ 5 s nnmcdialel^ iiom llio solid into Ihe hfinul stale The 
1 ('iii|K ratuics at iikich Iwidies uiideigo (Ins (hmigii luc exceedingly 
various 
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II IJie bodus .lie m lUe lluid fonii, Ihi) fiee/e ii|)oii being cooled 
lielow llie Uniper.itiiK s m'I .ig.iniNt tliiin 

Tt may be .uldid, in icfcuiiei lo Ibis table, liis|, lhat in mtain 
tntiini''laiit( s li(|iiuls c.ni lx roolid down stveial jlegrets bilow tliiii 
iisii.il fu'c /mg poinl b( (oie till V bi 1 * 111^(0 (ortgi.il 'L'bus \\i may 
siifceedj b-y taking ceit.iiii jnei .uilioii-', in cooling ,i sin.d! (|Uiiii1ily ol 
■w.iiii. 111 .1 ifl.i^s tiib(, '.() low as (lie ltin|ii i.il nil .S°, oi even as iP, 
witlioiil i(s lui/ing, that is, 21 ui ?7 diguis imdei ils ])iopei 
liei /nig pill 111 .52° 'rile vv.itei jimsi. bi cooli d iiitbimt the sliirblist 
agitation, .iiid no sjind oi aiigul.u bod\ be ill loiilact willi il , lor 
ibe instant .my solid body is diopped into vv.iUi cooled below its 
Irccziiig jioiiit, 01 a liemor is (omnniiiitaled to il, congi l.ilioii egm- 
inenr*cs, .iiiil llie toin|iei.ituie ol tlie lirpiid s(,iils uji to 132° Hut, 
oil the otbci baud, i\e caiiiioi beat a solid tlie sin.dlest fiaclion of a 
digree .ibove its projiu nidting jiouil, without ofcasmmiig liquefac- 
tion lliiice it IS not the lice/iiig ot watii, bid the milting of ice, 
wliiili takes place with iiijoious constancy .d .‘52'^ Halirenheit. 

AU b.dlh ibs.solved ni watei bav'c llie (‘fleet of lowering the froc/mg 
tempi i.ilmc ot Ibal^liipiid Common fiibii.iry salt .qqiears to 
(lei)Tis,s tins point lower Hum .my other Nilme bod\ , .iiid the eileet 
.iiipe.ns to be closely piojioilion.il to the qu.iiitity ot salt in solution 
A solution ot 1 jiaid ol»s,i]l m |.*nf watt^i fiee/e*! at and sea-watei, 
winch eoTitams l-t3l)tb of its weight ol >.^lt, tice/es at 28° 

But the principal fact to be aiheiled to in liqiief.iction.is the dis- 
iqilK-uiaiice of .i Luge quaiititv ol heal dmmg tlie ch.uifK' ‘ileal 



ifi.iiimTY 


J.8 

|)ours into a body (liiiiiif' it's nw-ltmcf, wiUiont idMnj;r its tLinpci.iturt 
111 (be iuo>it minute dearie Tins lu‘<it, winch entei') (he lioiK ,iml 
heroines msensible oi Litent, serves merely to melt the boiU \\\ 
.no nulebted to l)i Itlack loi this ob«( ivdlion, winch iiivohcs cuii- 
s(.((ii(nces oi greater unpoitanec than anj (tthi'r anuounr i inent lu tin 
tlieoiy ot heat 

Bctoie Di BlacVs view's wereiiuMle known, tbiulily waseousidered 
a'- jiioduceil by <i verj small addition to the cinantity ot heat wliii h .i 
body toniaiiis, when it is once 'heated iq) to its iiiellnig point But 
it wo attend to the inainui m winch lie <ind snow melt, whin 
exposed to tlie an ot a warm room, we can peiccivi that, iiowivu 
loLd they ni.iy be at lust, they arc soon lu'alid np to then melting 
[lomi, and begin at the n suitacc to he cliaiigid into w.itei Xow, il 
tfie (Omjih'le fliaiige ot these bmlu's into watii re([Lni(‘d onlv the 
tfithri. .uldition of a very small ([iiautity ol beat, a in.iss of tin in, 
tWnigli ot < oiisidiiable si/(, might all to be unltid in a fc^v nniintcs 
or siHouds mon,tlic luat (onliimmg to hi (oinmuincaicd (lom tin 
ai. iiimnul lint ni.isses of ici and snow null with cxtuiin sjow- 
iii ssj* espi ( lallj d tliiv be of a laige si/e, as .iie those collu (ions ol 
ne .ind wreaths /jt snow that aie (oiiiud m some jilaris during 
wiuUi 'I’lu'se, alt( / tin V to milt, often ui|iine man} wieks 

of watm weathei, bttoie iluv aie totalU dissoKed intow.ilii 'I'ln 
slow iM.imnr in which lee nulls in ue-hoiises is also fau.ihaiK 
liiown 

15 \ txniniiniig what hap]>ens» m tliesi* cases, it inai ixisilv he pei- 
<< i\< d that a V ( rv grea't ((uantitv of luat must eiitii tlie melt nig u i , to 
loiiri till' watii into vilnih it is changed, and that the length ol time 
nwess,!!}' (oi the coIIk turn ot so nnu h luat liom suiiounding bodies 
Is tin leason ot the slowness with wliu h the u e is liqiielicd WIu'ii 
jiuKiiig ice is siispeiulul III waim an, the ( idninec ol luat into it is 
inadi' sensible by a stream of lold an disci iidiiig coiistantl} lioin the 
ue, wliifh m.iy hi' pcieeivid bv (lie hand It is, tiuii'foie, (viilint 
that the inelling ue leieives heat very Jjist, but the only illect ol 
tins 1^1' it IS to change it into water, wltieli is not in the least 
si iisibly wannu than the ice was betoie flieinumu tei applied to 
the diops or small stre.iius of watei .is they come iinmi'diati Ij liom 
(he melting ice, will ]U)iiit to the same degiee as when ajiplied to 
the' lec itself A great ((lunftity of'tlic bein'? tiuretoie, iilnrli enhis 
lido the melfiiig lee, h.e* no otlu'i etleTt th.m that of giving it 
llinditv • T^ie heat .i|ipeins to 1)1 .dismhed oi coiiei'iihd witlnn tin 
w.itci, .liul eaimol be detected hv the theimomcter 
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When ice is melted by means of wann ivater. Ibis absoiplion ot 
Jieat IS rncide eveccdiiiijly ftlnious Unis, on niKiiig a pound of 
water lit J72° iiith a ]Mimul of snow iit the snow is all nulled, 
and Ibc nnxturi is tno ])oiinds ot Ai.itei of tlu ienijuT.itiiu' of .52 
In being tooled dimii horn 172” to ^2” tlie hot naier loses 110 
degrees ol beat, nbieb I'oiiveit the siiotv into watei, indeed, but pio- 
duce no nse of feiti])<‘ia(iuc ni the nnxtiiie above llie >32 degrei s 
oiiginalK poss(>ssed bj llie snow 

j)i Hlatk iirovul tiiat tbe be.it nbicb disappears in fins inaiiiu'i is 
not extiiiguislii d oi desti 03 < d, but Kiiiiiiiis latent in tbo waliT so 
long as it Is Ibiid, and is extiicated ag.iin mIicii it tiee/.es 

In natd tbut bas been cooled bdon its usual free/iiig point, iv hen 
tbo eongi'l.itioii is once diterinined, ([iiantities of nj spirilla aie pro- 
duced 111 piopmlioii to tbe depiesdoii of teinpeialme, vvliilst at tlie 
same nisfaiil tlu tempi lafiiie ol itc and water staits up to 32^ Tit 
beat wbitb tlms .ip]K.ns was piivionsly l.iteiit m Ibat poition ot the 
w.ilei wliitb Is fio/eii 'riie same disengagement of latent In at in.}y 
be (oinimeiitly illusti.ited b\ means ol p snptisat mated solution of 
snlpbati ot soda, loimed In dissolving, at a liigli tempeiatuu', lliiee 
pomuls ot tbi'salt int\\0])ouudsofwalei Wbeii Iks liquid is allow i d 
to fool uiulisturbed, and w itb a sliatiim 06 oil on Its snrlaee, it ri niaiiis 
timd, filtliongb lout, lining a mu<li gn.iter qnarihty ot salt in solution 
tli.iii the water (imlil dissolvi at tbe teinpeiatnie to wliieli it lias 
fallen But tlie sLispeiiiUd (ongelalion of the salt bung delei nnned 
b\ tbe lutrodiution of ni\ solid snliv-taiii e into tlie solution, tbe 
teinperatuie Ibeii ol ten uses :3') and even 10 di iriees, while ciystals 
oi snlpliate ot soda shoot i.ipidiy lliiongb tlie liquid 

AV^\, tallow, snlpbiip, .md .dl otliei sohd Imdies, ,ire milted 111 Kie 
same in.imiei as watei, bv tbe assumption of a tert.mi dose ol In at 
Tbe l.iteiit 111 .it w lilt li tbe tollownig substanies possess m tlie Ibud 
lorm w.is, with the excojitiou of water, deteimiiied by Dr Iivme 
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Even in tlie solid finm tcrLiiu bodi(>) ,vdmil of .i Vciiialmii m Hicu 
^lnletll^e and ])io))trlu *5 fiom the •VbSiiinjition or loss of laleril he, it 
l)i Black nliKle it ajipe.ir jiiobahh that inct.ds cmc llitir iniilh .ihilily 
and ductility to a qiiiiritity* of latent heat eoinhined mill tlum 
WJicn hammered they become hot fiom tjie di‘'enf'agtmenl of Ihi', 
lieab and at the ‘fame liint' become bnlllc Thnr imdlt ability is 
nstoied by heating them again in a furnace Sng.ir, it is \u]J 
knoHiij may tvist as a traiisjMitnt and rolouihss bod\, nitli <li<‘ 
jitiysicd j)ro|iert(es of glass, or as a *\vhite nod o|i,iqiie, becausi a 
yi, molar or crystalline mass The transition tiom the glass} to tin' 
granular state is attended b> a \erv remaik.ihlc fvoliition ot he.it, 
wliifli aiqiears to iia\e e=faped the notue of scumtilie min 11 
molted sugai he allowed to fool to ahoiit U)U°, and tlieii, wliile it is 
still soft and \is<i(|, he lapidly and fie(|neiifl\ evtiiulid .md dmihhil 
iiy, tiil^al list it consists of threads, as in dianii sng.u, tlie tempiia- 
fu» ol the mass fjmekU uses so as to bei oini msiip|K)ilahl( to the 
hand j\tter this libiiaiion of hiat, tin snir.n on again roolmg is 
no' longei a glass, but consists of iinimte (lyst.illino ttiains, and has ,i 
pemUliistie 'Hie same diaiigc inav oifiii ni a giadual m.mmi, as 
whin a (leal sfick^of baili i -siigai bcfomi's 1111111' .md ojiarpn m tin 
atniosphdi , but tlu'iMii; have no means ol obscmng the is('a]i( ol 
the latent beat on whuh tliediaiigi dtjands It niaybi inhiK'd tli it 
glass itself, lilvi'traiispaient bailey -sug.ii, oiusifs pet nli.ir (onstiintion 
and piopci ties to the pi 1 iminent relnition ot a (('ilani (|iian(it\ ol 
kill lit' beat Of tins lie.it glasi. <aii be ih pined b\ keiping it long 
in a suit stale, it tliiinbLCOinfs giannlai, and, passing mlo f]i(> ldh- 
dilion of lleaiiiniir’s porcelain, lofc(.s all tbe diaiadeis of glass 

Jt IS not nnbkel} that tin of .i body, 01 its jiropi'tl} 

to assume hio difleieiit (nstaJliiie forms, mai bkeiiisc (lepend*npon 
the letention ot ixfeilam (piantitv of latent heat by tin body in the 
one form, and not in the othei Thus, sidphiii assumes two forms, 
one on cooling fiom <i stafi of fusion by heat, iniotlier m erystal- 
h/iiig at a lower tei 11 pei at lire, and probalily with the retention ol less 
latent heat, from a solution of sidphurLt of eaiboii fn diaieoal 
and plumbago, again, we luivc carbon nludi has assuiiieil tiie solid 
iirm at a high temperature, and possibly with the tixatioii of a, quan- 
tity of latent heat w'hich docs not exist lu the diaiaond, aiiotlu'r form 
of the same body 

When a solid body is inejtcd by the mtcryn'iition of some affinili, 
nitliout l\i'at.^eing applied to it, cold is generally luodueecl 'riuis, 
most,*salfe occasion a reduction of temperature, lu the act ot dissoh- 
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mg in w.iUt, wliirh ir'quiic'' (licm to Iuv’oiik’ lliml IVili<‘, Idi 
iiislaiicCj cools ilic n.ilcr in, wliiih it is diss&lvcd 15 or 18 decrees 
A mixluri’ of live ji.iits oI s.il .mmioTii.ic .iiul li\c of iidu', liotk iiiidji 
liowdcnd^ dissolved in nineteen puts of M.dei, in.iy mliiti' its teni- 
por.itme fioni 50° to Itf", oi coiisidnalds below llu* free/, mg jioml ol 
purcw.du T]iik' mKs tne iieccssit.i^id, liv tlini ailmiiy for n. iter, 
to dissohe mIr'ii mixed mill it, and to becoinc lluid, n diaiige wliicli 
implies the assnmiition ol latent, heat Most ol oui aitiliiial ]no- 
oesscs for prodiiemg cold aio lnnndod'ii]ion this disaiijiiMiaiice ol lii.il 
during li(|iiefactioTi A v(iv coiiienniii ])^o(ls^ lor liee/ing a little 
mdei, Mithont the use of kc, is to duiifli fiml^ poiuhred sid[)liatc 
of soda Mitli till* nndilnted livbofhloiin.a< id of the shojis 'I'lie sail 
dissohes to fi gicaloi exiinl m this and th.ni m \uitei, and llie liiii- 
jieiiiture jiiai sink from 5(t” to 0” The \csasl m whuh the niixtini 
IS made becomes covered with hoai liosl, and wntii m n tube im- 
mersed III till* uiivtme is speidih lio/en ‘ 

The same affiiut} betneeu salts and Malei iiia\ be t.iken advantage 
of to cause the li([uefa( Inm ol i«e t)ji mixing snoivnilli a, thud ol 
its vciglit of salt, the snow is instantly nielled, and the tenqiiloluie 
Sinks neaily to 0° Tinas m this wa\ that Falu(,nhnt is ,su])[)ostd 

to Iia\e (jbtnmed tlie j'cro ol his seale lees fAi tin table aie nlwais 

• ® 

iiia(l( in ‘'luuin 1 b> uumlih ]>oinul((l ko iinrl lojfc lliri, 

and iimneisiiig the eiiam, oi otliii liquid to be lio/.i n, foiitamed in a 
thin nielallie ji.iii, in the cold bniie whuh is jitodiioid b\ tin* milling 
of the lie »* 

'riie li([(ii*laitiou ol snow bj meaiiM ol the rail, (Idoiide ol fakiimi, 
occasions a still gicatci dcgicc ol cold To pu |mic this salt, marble 
or chalk is dissolved lu h\diuchloii<. ar d, .mil tin solulinii exaj'ii- 
lated by a temperalnie not cxcLeding .iOtf^ It slionid be stiiicd, as 
it becomes dry at tins tern peratui e , and is ohlamrd in a eiystalliiie 
pow der, being the comhinalioii of ddoride of e.dcmm witli two atom's 
ot water AYheu three p iits ot this salt .ire mixed with two of dty 
snow, the tenipcraluie is,icdnccd fiom T.i'’ to — 50° Tii atleinpt- 
mg lo treive meieury liy means ol this inixliiie, it is advisable to 
make use of not leslS Hi.in thiei oi foni pounds of tlie matciials 
AT lieu the materials aie divided, and the meicury is first cooled con. 
sulcrably by one poition, it larely bills m being fioxen when trans- 
lerred into .mothci |«.itio;i of the iAixluic For jnoducing still 
more intense degrees of cold, the ov*'po]ii(,ioii of highly volatile 
liquids, of liquid carbonic acid, for instance, allbr'^s ,tlie most 
eiiicient means 
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ImvGTiow (o consider Ifio sceoiul gonn.il eirort of lieat — V'.ipon- 
/.dion, 01 tlie coiivei-'ioii ol solids and l]i(ii'<ls into xapoiii Vajioiiis, 
of iiliidi strain is tlic most t.iinilinr to iis^ aic ligldj (spaiisdih^ and 
geneially iiLMsilile gnsc^, resembling air com])li tel} m llieii mefhaine.il 
[iio]Krli(.Sj wliileilicy c\is(, bill subject 1o be (oiidtiisfd into Injiiids 
or pobds by cold ^\<LUr uiitlergoes'a gieat cvjwnsion Mheii con- 
verted into steMiii, acnbie inch of ivater be'e emiing, in oi dni.n \ rue lun- 
stancosj a ciibu toot ol sieiim, or, nioii' sinelb, one' cubic inrli o( 
ivab r, Mlieri converted into steam, I'spanels iiilei KiOJ. e nine iiirlir's 
Tins fliangr', like lluiebti, is jiroeliiccd In tlie .leldilion of lie at to 
llie boely wliie li uudeigoes i( lint a niutli lair'll ijiinntity ol lira! 
i‘i*1( r^Uilo \apoms than iiitolujiiids, into steam lliaii into nalei II, 
oviT a steady tiri', ii (e-rtain e|iinntilv of ice-cold water ree|une's enie 
hour to bring it to the benling jioinl, it will rrcjiuie, a eemlmnanre ol 
the 'ame lieat for five hours more to benl it eilf enineli ^ e t h(|mds 
do nt*l. he^eonic hottci after tlien hegm to boil, liemeiei lonf;, en with 
winilener Molence ,thc hoihng IS eonlimieel loi if a iluimenne'ler he- 
plunged inio ualci, «’li<l tlie'^ peiiiit mmke’d iilieic it sj.inels al tlie 
he'ginning of the boiling, it will he toniid to use no higher allhenigli 
the henimg bo continued lot a long tune 

'fills fact Is ol inipoitaiiee m doinestie eeonoiin, paitinilaih m 
cooker} , and attention tod woKld sa\e imuli furl Soiijis, ike iii.ide 
to boil in a gentle wat, b> the apphcatioii oi a modiiale lical, <iie 
pist as liot as when tliej are made to boil on a stioiig (he with the 
gijfalest \iolence, when w tiler iii a copper is emcc bionglit to the 
boding point, the fiie iiiai he icduccd, tis li.ivmg no tmthe'r etlert 
in laismg ds tenijierature', and a iiiochiate heat bring suttuieid to 
pi cse^ve it 

Tin steam fioiii boiling waten, wlicu c\<miini'd In the thumonuter, 
IS found to he no hotter tliiin the waien dsell ^,\ Inil, then, he'eeiiiii's 
of nil the heat wlncli is commimieated to the w.ite'r, since d is neitlu'i 
indieMled in the steam noi ni the watci ^ 1^ thiti'rs into the watei, 

'fliid converts it into si o.un, without raising its tc-iiipeiatnie As mneh 
heat disappears as is capable of r.usuig the lempcratuie of Uie poitinn 
of water converted into steclin 100*0 ilegie'rs, or, what is tlu- s,iiiii' 
tiling, as wmulel raise the teippezatuio of onp tliousaiicl times as much 
water by.o^ie elegrcc This is now geiieially assumed to he' the 
fwnount the latent heat of steam Dr lllack found it to he fibout 
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900 degrees Mi ^Vatt 910 degm's, and Tiavoisier ralher mous ili.ni 
1000 degrees ‘ 

Se\eiLil eiionm'-ttmces intiy bo uin.nkcd dining f he oodureiue ol 
tlnscluiige inw.dei Oiiliiating watei gtadiially iii a\e^sel, no lust 
observe imiiufe bubbles lo foim in tlie b((iii(J, and Use tliioiigli il, 
nlucli corisisl, ol mr As tlio ttiiipei.^tiiie iiicie.ises, lingei bubbles 
tire lormtd at ihc bottom of the xessel, whuh rise a liUle way in the 
hqmdj and then conliait and disajipiar, piodiuing a his^iig nr sini- 
ineinig soiiiid lint, as (he lAMliiig ^oi s on, these bubbles, w Iiu h 
are stiain, use higher and Inghei in the liquid, till at las( thev leadi 
its stii tar eaiid escape, prodni iiig a bnhhhiig agilatum, oi tin pheiioiin - 
non of ebullition The whole process ol hoiliiig is heaiildidly sun 
in a glass \essel It wdl he i<'niaik<d thai sliaiii itsi>ll i, nnisihle, 
it only apjieais when coiuliiisul ag.iiii into jiimiilt diojis of watii hy 
iniMiig wilh the cold air ^ 

It was fu-'t obseued b\ f3a\-LiisNie, lli.d liquids an loineilecl 
rnoic easily into vapoiu whin in coiil.id with aiigulai and uneieii 
suifaees, tlian when llie suit.ues whidi Ihn toiidiaii snioolh atiil 
polislied lie also ninaiked tliat walif hods at a It inpeiatim two 
degrees highci in glass than in metal , so (hat il into w.ilei, in a glass 
Mask, whidi has ceased to bod, a twislul jmee of (old iron be 
diojrpcd, the boding is resinned it is *onl\ ni\(ssii-,of imtalthal 
the boding jKiiiit is icgiiLu, and should In taki ii in gi.iduating tliii- 
mometeis It has hem lemaikid b> a\li Hi i> ingi oiii, ol (ihi'-gow, 
that il oil be present with vat( i, t\j( boding poni( ot tin wa(ei is 
rais(’d a few dcgiees, in aii> kind ol vcsm I A iniii h gua(ir deva- 
tion of the boding point has been obsined In M Maif(t,*m a 
glass llask, having its iiiiiei siniau* eoatid will) .i tlnn (dm of shellac, 
III wliicli Die tunperatmi often uses to 22P, oi e\iii highei, bifoie 
a blast of Aapour occiiis, il then sinks a tew degius^ altei winch it 
rises again 'riie re<ison why wati i in tin se tiic iiiiistaiu es does riri( 
pass into vapour at its usual boding point, is not distinctly iiiuli i - 
stood The watci appeals to be in a prccaiious state oi equilibiiuni, 
as in the other analogous case, when cooh'd wnib caution in a smooth 
glass vessel consicleiiiblv under its usual fic'ezang point Thb intro- 
duction of ail angular body into the w.d(u is snfheieiit, iii eithet 
instance, to induce the suspended cliaiigj' The same inegular devia- 
tion of the boiling poinl; in glass*/esselt,<akcs jiTace in other liquidb as 
well as water, and in some of them to a |j|iucli greater extent 


* Ann de Chimie, Ssc 3 si'r t 5, p 4VJ 
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Tlierc IS a ciirums pircuiiist.inf< iii n'g.iid to boiluig, wIikIiis a 
matter of common obscTv.ihon m soino ^hapc or other A\ lieu ,i little 
iiater (a few drojis) is throwji inloamet.dbecuproTisKlenibK aboxi tlu 
boilmg point of water, the liqiiitl .isstmies a spheiotclnl form, .null oik 
about tlic GUj) like melted crystal, without t'lsible ebullition, being only 
slowly dissipated Tlie eaiise of the plienouiciion appears to be tin-. 
Water exhibits an attraction foi the sin face of almost all solids at low 
temperatures, and wets them I’hiul merturt exhibits the opposite 
piopcrty, or a Kpukion for most surfaics The atliaitioii of water 
for suifaccs bungs it into (lie closest loiitait with tbom, and gieatly 
piomotes the comiminication of beat by a heated icssd to tile w.iter 
contaiiiod 111 it Hut heat appeals to develope a icpiilsive powei m 
bodies, and it is probable tli.it aboic a paiticnl.n teinper.itiire tlie 
lieatid metal no longoi posses&estliis attini (ion toi watei The w.ifir, 
tiot Tiling attracted to the surface of the hot metal, <iinl mdiuid to 
spread o\ei it, is not r.ipidly heated, and thncloie boils oil' slowl\ 

A Hide nietbod of pulgiiig of the degno of beat is hninded on the 
same puiiciple, <in<l is seen iamiliaily exemphlied in the laiindiv 
TIic*luMt of (lie smoothing non is judged ol by its i Hitts upon a 
(hop ol salua let* fall upon it Tf the diop do not bod, but inn .dong 
the siirlace of tlic metal, tlie non is consideied siidicieiitl} hot, hut 
if (lie drop adlieics aqil is lapiilly dissipated. Hie ti'injK'Kiluie is 
eoiisidcrcd low 

The sphoionhil ('hnlhtion of IhhikIs, whicli w.is ind exainnied bv 
Leidenfrost, m 175(5, has la tiV leceiKil iiom ]\I Hontigin some 
stiikmg expciiinent.il illiistiatioii'. * J Ic has ob'-erved th.it w.itei may 
]).iss into spheioulal cbnUiliou at any (eiuiieiatuic ahoie .‘UO'’, .iiid 
rrnain in that state (ill the teinjici.itiLie tails to .i-bS", then it 
moistens the metallic capsule iii winch (he expi iimeiit ls iii.ide, and 
‘'v.ajiorates rapidly The coiicspondiiig temperatuies at wliiih 
•deoliol and ether pass into (he spheroiilal form in a heated i.ipsule 
were loiiiul to be propoitional to then jiomts of cbidlilion , the tem- 
pcratiiie for the first being 17 ’i°, and fci the second 112° The 
ball oj a thcimoineter being jdmigcil in lupiids wliile in the 
spheroidal state, iiuhiated the tempcratnrCiJ — in watei, ot 205 7°, 
m absolute alcoliol, ol 107 9°, in ethci, 90 0°, m hyihotldoiic 
ether, 50 9°, in sultdiiiious acid, 10 1°, which arc all '.cicialdigK'cs 
below the ordinary temper.vtiircs of ebullition of these liqunk When 
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distillctl walpr is allo\ic'(l to fall droj) by fhoyi ijilo sulphurous acul in 
the sphcroulal state, the uatrt is iiniiiciliatcly coiipoalod into a spongy 
mass of ice, even when the containing eajjsule is visibly red-hot 
nie teinjiualiiie at winch anv li<inid boils is not ii\cd (like the 
melting point ot soluK), bfit depends ontnely upon a jiai titular cir- 
enmstante, — the degite of presMiic to Inch the luyindis at the time 
subject Lifjuids sue ni gnieral snbjut to the pressnie of the 
atiiiosjiheie, lor although the air is an eAceednigl^ light substance, 
being 815 tunes liglitci tban watei, }el by iiasoii of its great 
(juantity and height, it comes to weigh with eoiisuh table foiee ujKni 
the eaith Tins is ealh'd the atinospluan pressure, and ainomits to 
about niteeii pounds iijion each sijuaii* null of surface The force 
with whitli an picss(^ upon a man ot ordinal \ sue has been estimated 
at titty tons, yet, fioiii all tlie caiities di tlie annual fiame hc'iiig 
filltd with eqiialh ekisfie an, we snjijioi I Ibis gieni pressmo mThoin 
hinig sensible of it, indeed, we sboiihl siillti tlic greatest iiicob- 
icineiiee fiom its snchleii leiiun d \ou llii' jirissinc of tlie almos- 
|th<ic Is not always the same at the saim^ plan, hut is Joinid by thi 
haromehr to lan willini the liimls ot oiu-t('iilh of the w^liole 
jm'ssurc Tills diiri'renee alUtts the boiling poniUto the e\tent ol 
\ \ d( glees Thus, when the height ot tie merciin ni the hmoinctei 
IS cspic'ssed l)v the numluis ni the (list eohpiin, watei boils .it the 
lemperatiucs jilaccd ag.iiiist theiiini tlu sicoiid column 
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On tills . 1 C count the jiicssnre of the atmosjdiere must he attended 
to m fiMiig the hoilnig jioiiit ot w.dei ontheimometii!? TV, iter boils 
at 213° only when the pie'surc ot the atuiosphiu is ec|uualeiit to a 
ccjlumn of 29 92 iiielms ol mcituiy « 

'riic yncssure of the atmo&pheie will be greatest at the level of the 
sea, and will diminish as vve ascend to anj height above it, for them* 
wu' have less of the atmgsjiliere above ai^l pressing upon us, part of 
it being below us Hencoy water bods on the tojis of mountains at 
a considerably lower temper,aturc than at their bases On the toji 
of Mont lllanc, which is fhe^ pinnacle of Europe, winter Cvas'ijbserv^pd 
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by SaussuTC to boil at, 184° In dcq) pits, on tlic ollici lutnd, watpi 
requires a.liigher temperature to boil* it than at tlie sui fac e ol tlto 
(“.irth An in&trum<'nt hgs been loustiiieted for a^c( rtainiinr lli(> 
lieigbts of mountains on tins piineiplo It emwists. C“>s{ nlially ol a 
tliermometer, graduated with great caic'about the boiling jioinl ol 
Mater, by means of mIiicIi the temperature at whifli nater l)Oll•^ ,it 
diflercnt altitudes can be aMertainid uilli niinnle arfina<> \ 
dilfcrence of one' degree of teippeiatn^e is orcasioned In an a'Ciiit ut 
about 550 fert, and (lie depio'^sion of the hoihin; point ,u(ii. 
latelj pro]ioTtional to the ele\,iiion above the eaith’s siirlari', aeeoid- 
nig to the observations of Prof Foibi's (Eduilniigh Phil Trail'' v\ 
lOOj 

AVlien the pressuie on h((iuds is ri moved by artilieial nie.iii''j lliev 
boil at gieatly rediieed (empeiatures This maj he done liv jilaniig 
iliein tinder the rcrener of an an -pump, and exhaiislni" \\ hen tiie 
wliole air is witlidraivn, liquids in geneial boil at about J 15° nndi i tlir 
tmperature 'nhich they rKpme to make Ihein boil m hen suli)efl to 
tlie atinospheuc piessnre »rn a good variiiiin ivatei will boil at (57° 
Tins fact IS al&o illusti ded by a simple e\peiniient, which ,in> one 
ui,n perfoiin A fl^isk, eont.umng boiling w.itei, is t'osed witli a 
cnik, while the iqiper part'is filled with sle.ini The hodiiig in Ihi 
llask may ho renewed hv plunging it into eold watei , and tlie loldei 
the water the busker will (he ebullition lieronie Ihit (he boiling is 
iiisiaiitlv checked by removing the ll.isk lioin llio cold walei and 
iinmersing it in vciy hot water On coiking the ll.isk the cbulhlioii 
ceased, fioin (he ])ressurc (\erted hi the roiilnu d steam tqioii tin 
siiif.ico of the watc’i , but on plunging the tlask into » old wati i, lliis 
'Mi’.im was condensed, and the watci began to boil iiiidei (ho mliKKl 
pU'S'ine On lemovnig the tlask to the hot w.itii, the sti.un alxne 
eiasod to bo eoiideiised, and In its pressnieslojiped the Iioiliiig On 
tlie other hand, in < 1 , Papin's digestri, wlncli is .i tight .iiid sliong 
kettle with a safety v.dve, water may be raised to oi HM)° without 
ebullition but the instant that this giCt.t piessnie is leiiuned, the 
boiling commences with piodigious iioleuec ^ 

The faeihty with which liquids hod undm reduced piessnic is (le- 
quciitly taken advantage of in the arts, m coiiccntiatiiig h(|iiors 

* For llic niosl recent minute ilelenniiialmiis iif tli^ biiiliiii' point ol witoi, iiiuln 
variations of aluinsphciie picssie^, sec tlie iiii imiii * it M licgnaiilt , \i)ii dc ( liiiiiii , 
''tr , “1 sme, 1 M\ p 19(i V siiiipli poilihk .ippii.ilii' foi llio t\]Mriin(nl i- il'n 
desenWil flier\ 
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■wliicli would be injured in flavour oi colour by • tbc lieat necessary to 
bod them under the pressific of the atmosphere Mr Ilowiiid 
applied this principle in conceiitratmg the syrup of sugar, uliicli 
IS apt to be broniicd uhen made to boil under the usual pressure 
lie thus boiled sjni]) at ^ 50 °, apjiljing lieat to it in a pan covered 
by an air-tight lid, and jiumpuig off flic air and steam from the 
upper part of the pan by means of a sleain-engiiie This ivris the 
most essential pait of Ins patent pioce^s, by iiliicli ncaily the whole 
of the loaf sugar coiisuinod iii tins couiifiy h.is becniiiaimliictured for 
many jeais. 

In the same apparatus \ogetable infusions ma’^ bo insjnssated, oi 
reduced to the stale ot extr.icts^ tor luodic.il jiurposes, with great 
adiaiifagr When an e\tra<t is jirepaied in the ordinal y way, by 
boihng doivn uii infusion or expressed jnice m .in opin vessel under 
.itmospheiTc piessnre, .i eonsidenible and v.iriable proportion hi thd 
active pnuciplo is alw.iis dtstro><‘d by the high temperatme .ind 
exposuio to the air Ikit the extract is not in|uied when the infusion 
or juice IS cvaiiorated at alow toiupei .*11110, and without access of 
air, and is generally found to be a luoie aitne medicine 

The teinper.itures <it winch difleieiit lu[ui(ls^ tub conceited into 
vapour arc exceedingly v.uious, hut other things u'maiiung the 
same, the boiling tempi ratnre is constaid loi any paiticular luiiiid 
The folloiviiig tabic exlidnts the boiling jiomts ol a tew luiuids, ui 
wbieli that point h.is In'on detei mined with prccl^lon — 


TTcdrodiloru dhor 

Hulling ponit 

Lthci 

•JC 

Sulphiint nf t iilxjn 

118 

Aiiiiiiuiiin (xj) gr 0 *145) 

1 10 

Atolio] 

171 

M ■xU r 

212 

Nitiic i«id (sp gr 1 42) 

248 

C'r\sla]1i/cd rlilondt »! iHiciinn 

302 

Oil of turpentmr 

314 

Ndplillia 

320 

Plkosphoni3 

554 

Siilphiiru nud (sp gr 1 843) 

020 

Whale oil 

030 

Mcitury 

062 


The boihng point of water is uniformly'elevatcd by the solution of 
salts m the fluid , but much more so by some salts ^hah others 



VAVORIZATION 


53 


Ttiblt-s I1.1VC been foiistrutted of the boding points of saline liquors, 
wlucli are of useful apjiliCtitiou when it i& wisheil to maintain a steady 
temperature somewhat abewe 212° Thus, watei saturated with 
conunoii salt (lUO watei to 30 salt), boils at 221°, saturated witli 
nitrate of jiotash (100 watei to 74 s,ilt), it boils at 23S°, saturatej 
cold with ehloridc o( oalcium, at 204° 

Wlieii ste.iiii from watei is conliiied, it lucreases 111 tcmpcratuii, 
riiid acquires gieat torce, uiKl,tlie e\]*enraeiit can only be perfonned 
with salely m a boiler ])ossess( d of a safety Vtilve This is a small 
lid 111 the iqijier jiart ol tlie boih r, projicrly loaded, according to the 
loiieol the steam to be geiiciatcd The steam of boiling watei 
oceaMoiis a sevcie scald, if allowed to condi nse upon the body But 
when sli. nil from water under pre-'Siire, 01 "Ingli prcssiiie” steam, 
whidi inav be of a iiuicli Itiglui tcmpei.ilure llian boding watei, 
issues fiito the air, the band may be diicitl} evjioscd to it with 
impnmtv , and a tlieiinometei pl.ueil in it shows that its lempeiatiiie 
isgicatly below that of boding watii This singidai pioperty of 
high-pressure steam is loisieitid with the gieat i\paivsioii wliitli it 
inidergoos on es( aping into the an lioiii tlic \csslI m which it w.is 
(onhiied, elastic boi^ies liaving a tendiiui, whin escaping fiom a 
stale oi conipiessioii, to lly asundei, not oidj to tlieii ougnial dmiew- 
sioiis, but beyond them Tlic steam is greatly exjiaiided, and at tlie 
same lime mixed witli an, wlneli jneyints it fiom <dteiwards eoU 
lapsiug Kow, aitei being nuoipoiatcd witli siMial times its bnllt 
ut an, steam is not easily t ondeiisi d, but bet onus loyv-jnessnrc steam, 
and may lia\e its eoiuleiismg point le'duecd liom aboie 212° to 1 20° 
Ol 130° Hence the lieat wliitli it is tajiable' ol eoiinnniiifating, 
Wilde toiuh using uiion the hand held in it, is of iiiuclf less 
intensity than that ol oidiiiai} steam, and inadequate to oeeasion 
scalding 

Steam, when liiatid b) itsell, apait Iroin the liipiul wlmh juoeluced 
it, doc-s not possess a gieatir clastnitv than an eipial bulk ol air 
eoiilmed and heated to the same degiee, Viid iii.iy be heated to the 
teinpcimtuu* at wlinli the (ontaiiiiiig \essil bccouus red hot, without 
• ac(|nuing gieat elastic loicc But if yyatii’be jneseiit, tlicn more 
and more steam continues to use, adding its elastic force to that of 
the yapoiu pieyioiisly exist ini', so that the picssuic beconies ixees- 
si\e 

Tile elastic foite ol steaiiT attcmjiei.duies above 2 l 2 °is iSctomiincd 
by beating y^iler 111 a stout globular vessel contmniiig inert ut\, m. 



■)l 


VAPOKI/.ATIO'V 


lig 21,) aiitl \isit(T, u, and hiiviiig 
*^*** ^^ * a long glii'^s tubc'j t t, bcic^vcd into it, 

open at both cuds, and dipping into 
the inoicury, with a <^calu, </, divided 
into inches, apjilicd to it The globular 
vessel has two olhei openings, into oin 
of vvintli a stopeotk, b, is screwed, and 
ipto the other thermometer, /, having 
its bulb within the globe The watci 
IS boiled in this v essel for some tune, 
with the stoproik ojjin so as to rvjiel 
all llu an On ‘'IniKiiig the slopeock, 
and ( onluuiing llie luat, the tciiipeia- 
tme ot the mtcnoi, us nuhcatid by llu 
theiinometei, now rises above iti. 

whuliit vv.is statioiiaiy while the steam 
geneialed was .dlowed to escajic 'I'lie 
sliain 111 Hill' n[)pei part of the globe 
liKoims (Unsei, moic and moie steam 
being piodiicid, and fences tin* nieu niy 
to asienil .111 the gauge tube, /, to a 
luiglit propoilional to the elastic foicc 
ol llu sham The height of llii' mcr- 
iniial lolimiii is l.ikiii to ixpiess tlie 
clastic ^olce 01 [in ssiiie of the steam 
piodiicid at anv j’-iHiiulai teuipeia- 
tuK above 312° The weight of the 
• alniosplmc itself is eipiivalent to' a 

column of mcituiy of 30 nitlus,aud this pic«-snu has hi i n overcome 
by the steam at 313°, lx Con it Ixgan to act upon the mcicunal 
gauge Toi eveiy thuty iiuhis that the mercuiy is foicid up 111 tlu 
gauge tube by the steam, it is s,ud to liave the pressure 01 elastic 
foice of another atmosphere Thus, vvlieii tliu mercury in the tubi 
stands at thnty iiuhes, the stewn is said to he of tw^o alinospheres ^ 
at 45 inehes, ol two and a luUf atmospheres , at CO inches, of three 
atmosplieics, and so on 

10\pi-riineuts have been made on the clastic force of steam by 
Profc-'SOi Jlobmson, IVfr Southern, Mi Watt, and others , but all 


piccednig e-esults have been suxieisededhy^thosc of a commission of the 
French Academy, consisting of MM Dulong and Arag^/, appointed 
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by the Prcuch govommnit to imcstigate the subject, fiojii its irn- 
poiltUice iiu coiincMOii with (lie stcjiii ntgiiic* Tluir which 

firo (‘\prcM5e(l iii tin loUuuiiig table, Aieic obtained bj » xpiiuneiit, up 
to a pies-'Uie of ‘ij atiiio^plu ic^ The liigliei pic^'-uies wen < ,d( u- 
latcd by cxti iidiiig the jirogu^sioii ob-scixcd at lowci tciiipciatuK " 


Mii'litilj 1)1 SKini 
tilkllim 1 11 

J*1L'!.«I1IL as Lllltj 

'Iliiiji lain 

1 1 tail ilv III so iin 
takina \tiiii>sj)lii 1 1 < 

ViessiiK as Ijiiilv 

Tciiip lain 

1 

213 0 

1 5 

5S0 0f> 

ti 

-Mi'Jfi 

11 

ISO 01 

i 

2'>0 53 

15 

,503 S(» 

21 

20 5 SI 

10 

3'JS IS 

3 

375 IS 

17 

40 5 S3 

31 

3S5 OS 

1 IS 

tos 03 

t 

3'J 5 73 

1 10 

11 5 7S 

11 

iUO 3S 

' 20 

ns 10 

f) 

.507 5 

31 

1 33 00 

'■>1 

511 >l 

33 

1 37 3S 

(i 

530 50 

3 5 

151 13 

''1 

5 3(»3() 

31 

1 55 51. 

7 

.3 ■ 1 70 

35 

1 50 5 1 

71 

5 50 so 

50 

157 10 

s 

ill 7S 

55 

173 7 5 

<) 

Jin'Ts 

10 

ISO 50 

10 

55S SS 

15 

101 II 

1 1 

13 

.500 s j 
57100 

50 

510 00 


Souk cmioiii e\p( unieut> Mi 11 in.ide b\ Al ('■n’piaid de l,i d'oiii 
on the i.ipoiii tiojii c.uioiis Iiijuid^ al mi\ higli tnnpci.ituu s, .ind 
undei gieat piet^uieb lie fdlid a ''inall tube in pait lufli 

illui, ahidiol, oi waUi, and Malcd il hiijuilicalb Tin Infti Wiia 
then exposed to heat, tdl (lie li([uid passed inineli into \apoui 
Kthci beeauu gascoub m a spare Kaidly double its coliinie ala 
terape^atuie of and Ibi \apinu excited a pi( ot i^o im>n 

tliaii 3S atiiiospheies Aholiol beeanic ga'i'oiis m a spate about 
tJincc its volume at the tciiipciatuie of 401}°, Milli a inessnu ol 
about ^ o9 atmosplieies Watei ai tixl t himierfllv on tlie glass, and 
Inokc it, but adding a little eaibonati ol so’dato it, the walin be< aine 
gaseous 111 a space foni tiiiiex itx voliiiiie at the tempi rat lire at wliiili 
/me melts, oi about 0iS° - TiiOkC lesults^iie singulai, iii so lai iis 
tlie piessine oi elastic loiee of the vapourt proves to be much Mindlei 
tliau that ivlueli corrchpondh vulli their calculated deiisit}^ It thus 


* Annates de Chitnic, &i 2 ser t xliii 371 
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iippiMts tlmt liiglily compicssed vapoiiis l^tic ii portion of tlicir 
c'liisticity, or yield more to a*<*«*itAin j)re«surc tliiiii iHi, by calculation. 
Mould do 

t 

A measure is obtiuiied of the quantity ot latent licat ni btcam bj' 
obbcrMiig the degree to which it heats up a mass of watci when coii- 
dciibed m it Cold wMter is easily made to boil by placing the open 
end of a pipe from a steam-boiler in it, and caubing the steam to 
blow through it for a sutliciept time If a measured quantity ol 
ivatei at 32°, amouiitnig to 11 cubic inches, is heated uji to 212° in 
tins manner, it is found that the volume is increased to 13 cubic 
iiiehes by tlie condensed btcam Conseipicntly, 11 cubic mebes ol 
water arc heated up fioiii 32° to 212°, or one Imiidred and eighty 
degrees, by 2 cubic mebes of iv.ilei in ilu form of steam But if, 
for coiujiarison, 2 cubic inches of boiling hot watc'r be substituted 
for the steam, and added to 11 cubic iucIk's of cold water, tlro'tcuS- 
jjerature of flic latter is raised iio more Hum about tnenty-cigln 
dcgiccs 111 both evpeinnenfs, howevei, the temperature of the 
steam, and of the boibng walci added, vas the same, oi 212 °, the 
diffcTciice of their hc.iling edects depends entiuly upon the latent 
lieat which the fotincr possesses, m addition to its'sensible tcm])cia- 
tqro, and abandons to the cold watci on tondonsing 

In the eondensiiig oxponment 2 cubic inelies of water in tlicform 
of steam raised the tompciaturc ot 11 ( ubic niclies of \rater one 
bundled and ('iglily degiees, oi 1 of stc.nn laised llie tempeiatuie ol 
53 ^ of water to tliat amount As it follows that one ])art of steam 
would heat one part ol water, 5^ times ISO, 01 000 (h'grces, it .qj- 
pcais tliat steam possesses as murli heat latent as niiglit raise its own 
teiiijiffatme to that amount on becoming sensible 

The latest, and probably most exact, doleiininalioiis wliicli vve pos- 
sess of th(' latent licat ol the vapouis of water, and otlier liquids, aie 
those of JVt Bnx ol Borliii, (Poggeiuloiff’s Annalcii, Iv ) lie cm- 
jdoyed tlie appaiatus represented 111 I'lg 22 The refiigcratory to 
contain tlie cold condensing wuter consists of a cylindrical vessel, 
A C, 3 inches m diameter and 3 mehes deep The steam from a 
small letort B does not j ass directly into the water of the refrigera- 
tory, but is conveyed by the spout M into an inner hollow cylinder' 
E G, of a ring-formed basis, winch has an opening into the atmos- 
phere by the tube L, by whub the air it contains finds vent on the 
anival of the vapour The condciismg ater is agitated by means 
of a thin disc of metal B, attached to a vertical rod, th|5 upper end 
of which passes through the cover ot the refrigeratory K known 
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quantity of cold watci; being 
introduced jnto this refngera- 
hnyj its teinperdturc is acen- 
lalcly observed by the included 
thermometer In conducting 
the expen meiits it v<is ai* 
langcd that the temperature 
ot (he coiideiiRiiig Welter should, 
at first be a few degri'es below 
(hat of the atmospherCj and 
\apour was thrown into the 
inner leceivei by boding a 
weiglied portion of liquid in 
llj tdl the tcinpeiuture of the 
Ctmdousiiig water rose as many 
d('gi(( s aliove lhaf point The 
weight of liquid distilled w'^as 
tlieii found by weigliing the 
retort E w'lth what remained, 
and ascertaining the Ipss , and 
(he latent lieat calculated liy mcieasing the use of tempeialuic ob- 
scticd in the refrigeratory, m tin same piopoilion tus the weight ol 
the eoiuleiisiiig watei in the leliigeratoiy I'vceeds that of the liquid 
distilled from tlie retort 

The following are tlie mean losnlK whu h J\1 Bnx obtained by this 
inclhod, several cxpcnineiits beiug made ujum e.icli liquid — 


Fquil 

Laleut Inal of vapuiar 


’)72 ill smiles 

Al< olio] 

asa J “ 

hlliLr 

IW 

Oil ot turjicnlinc 

1113 “ 

Oil ol kmoiis 

111 

Dcstyi'tz, w'ho at an e.iihcr pciiod hiul also 

made very caieful i 

Jieriinonts on several of the same liquids, gaiv 
tious of latent heat — 

the following estiiiia- 

Equ.ll wiif'lils 

T all lit heat of vajiour 

Water , 

955 S (ligiica 

Alcohol 

374 4 “ 


1710 " 

All of tiiijientmi 

138 0 “ 


Fir. 22 
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Dulong obtaiiiecT for the hiteiit heat of the vapour of waloi 977 '1 
degrees ‘ 

It IS to be further roraaihcrt, that equal weights of these lirpnd', 
yield very difloreiit volumes of vapour, owing to the dilfereut s])ccific 
gravities of the latter, and the densest Vii])ours appear to have 
gener.dly the least latent heat According to the table of M Bri\, 
the latent heat of the vapour of water is 973 degrees, while that ot 
the \apour of alcohol is 3S5 degrees, or water- vapour has for equal 
weights about 3 5 tunes more latent heat than alcohol-vapour The 
spccilic giavitv of alcoliol-vapoui, on tlu* other hand, is about 2 5 
times gu.iter than that of watcr-vapoiir, taking thetormcrat 1589 4, 
iiiid the latter at 022 , conse(|uently ('qu.il vcduines of these two 
vajionrs ])ossC''S equal quantities of latent heat 

If the l.itent heat of diffeicnt vaponi^ be propoiiional to then 
volmiie, as these numbers seem to indicate, the same bulk of 
vapour ftill be produced fioin all Inpnds with tbc same eviieildi- 
ture of ht.it, and Inncc Iheie (uube no advantage in substituting 
any othei lupiid loi watei, as a souicc oS vajioiiv, in the ste.im-engiin 
The latent heal of the v.iponr ot w.iter itsell increases with its 
ranty at low tcuipeia tines, and diiniuishcs with its in ti casing deiisily 
at lugli tcmpiraturis Water may easily bc‘ made to bod inn vacuum 
at the tctnperalme of 100°, but tbc steam produced is much moie 
expanded and r, ire than tlut produced at 212°, and has a grealei 
l.itent hc.it llttite there is no lud saved by distdlingiu vacup it 
has been shown, by Mi Sh.upe, of Jdaiichester, that whatever be the 
tempciature of stc.im, fiom 212° upwards, if the same weight ol it 
be condensed by w.itei, tlie teinperatuic ot the walei will .ilwayslae 
raisrtl the same number ol degiees, or tlie latent and sensible lieat 
of steam, added together, amount to a constant quantity AYe may 
hence deduce a siniplc rule for asceitaining the latent heat of stemn 
at any particidar temperature The sensible heat of steam at 212" 
iu<iy he assumed at 212 degrees, neglecting the heat which it lias 
below zero Talircnlicit, .dlhd the latent heat ol such steam is 1000 
degrees, of which th.c sum is 1312 degrees To calculate the Utcnl 
heat ot steam at ,iriy particidar temperature .ibovc 212°, subtract the 
sensible lieat from tills constant number 1212 Thus the latent 
heat ol steam at 300° is 1212— 300^ or 912 dt^grecs The sami 
relation between the fatqut and sensible heat of vapour appears to 
exist at temperatures below 212° auiPthe latent heat of vapoui, 
below that temperature, may therefore be calculated /oy* the same 
I ule • 
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Tunpcraturc 

O'’ 

32 

100 

150 

212 

250 


IjiitcTit licat of 
Equal IVcijjhtB of bltnm 




1212 di-grcLS 

IIBO “ 
1112 " 
10C2 " 

1000 “ 
1)62 “ 


The l.itent heat of other va^viurd, sach as that of alcohol, ether, 
tiiid oil ol tiirpciitnie, has been found by Despretz to vary according 
lo the 'Mime laiv 

I’rom the large (juantity of heat which steam possesses, and the 
facility ivith which it imparts it to bodies colder than itself, it is 
iniitli used as a vehicle for the commiiniCrition of heat The tem- 
pciatjuc of bodies heated bj it can never be raised aboie 212° , so 
iri!],t it* IS much preferable to an ojicii fiic for heating c\tracts and 
01 game substances, all danger oi empjreiuna beniig avoided Wlien 
aiiiiliid to the cooking of lood, tlie steam is generally comejed into 

shallow tin bo\, in the iipficr surface ot mIucIiiUO cut scviral round 
fi|K‘rtures, of such si/es as admit evactly the jiaris with the matciials 
to be hcatcil Tlfc nuis <\jpc thus suirounded by steam, 11111011 con- 
denses upon them iiith grc'at rapidity, till their temperature rises 
to Mil lull a degree or two ot 212° For some purpose'^, a pan con- 
tanimg (he matters to be heated is pl.iced widiin .mother and similar 
largic one, and steam admitted between the two vessels Maiiulac- 
tiired goods also are ojtcn dned by passing them once over a senes 
ol^ metallic cylinders, or ot sijuarc boves tilled with steam Facto- 
ries aie now vcr\ generally heated by ste.ira, convened llirough them in 
cast-iron pipes It has been foiuid by practice that the boiler to^jiro- 
duce steam lor this purjiosc must have one cubic foot of capacity for 
every 2,000 cubic feet of space to he heated to a tcmpersituic of 70° or 
h0°, a’d that of the conducting sle.un pipe, one squ.ue foot of siir- 
l.ice must he exposed for eici) 200 cubic feet of space to be heated 
The expansion of water into steam is used as a moving power in 
the steam engine The appheation is made nppn two difiereiit pnii- 
• cgiles, both of winch may be illuslr.itcd % the little instrument 
depicted on the margin [t consists of a glass tube, about an incli 
m diameter, slightly I'xp.indejJ into ^ bulbous form at one extremity, 
and open at the other (Fig 23) , a piston is made, by twisting tow 
about the end of a piece of "straight wire, w Inch must be fitted tightly 
in the tuBe l)y the use of grease Upon heating a little water in the 
bulb below the piston j>, steam is generated, which raises the piston 
to llie lop of the cylinder Mere the sunple elastic form of the steam i** 
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Fiu 2.1 the moving power , and m this maimer steiun 

IS eiAployed m tlie high pressure xmgmc Tlie 
greater the load upon the pistoiij and the more 
the 'iteain is conllnul, the giealerdocs its elas- 
tic force become Again the piston being at 
the top of the cylinder, if we condense tin 
steam with which the cylinder is hlled, by 
plunging the Ijulb in cold water, a vacimin is 
jiioduced below the piston, winch is now forced 
down to the bottom ot tlie cylinder by the pies- 
snie ol the atmospheic In tins second pail 
of thcc\peiimenl, the power is acquired by the 
coiuh'iisation ol the stc.mi, or the piodnrtum of a v.icniim , and thes 
is the principle of the coininon coiKknsing engine In llip lust 
ellicieiit lonii ol the fondensing engine (I bat ol Ncwcoihcii) iflc 
steam w.is condciisod In nptdmg a little cold walei below Hit piston, 
whith then de'-ccndetl, funu the presume ol the atniO'«plieic upon its 
uppei siiitace, e\<i(llv as 111 the nistiniftent Ihit IMi Watt puli o- 
ducedtwo capital iiipnovenn nts mlo the coiisliutlioii of the con- 
densing engine, tin ^lr■^t w.is, the admitting, stelim, instead of a1- 
sriosplieiic ail, to picss down the piston'tluouglithev.icnoiiscyhndc r, 
wlntli sit am ilselt could afterwards ho eoiuhii'-ed, and a vacuum be 
produced .dime (lie pidon, of whnh the saiiu advantage might be 
taken as of the vacuum below the jnston I’lie second was, the el- 
fecliiig the roiuloiis.iliou ol the ste.iin, not ni the cvlnidei itself, wliicli 
was thereby greatly tooled, and ot c.isioned the waste ol much ste|^n 
m being he.itcd again at cvciy stioke, but in a seji.natc air-tiglit 
ehaifiber, called tlic coiuleiivei, winch i*. kept cool ami vatuous Into 
tins toiideiiser the steam is allowed to escajie lioni above and irom 
below the piston alterii.itcly, and a vacuum is obt.iiiied w ithout evci 
leduenig the teiniier.itine of tin' cylinder below 21 2° 

A tliiul improvement iii the employ ment ot steam as a inovnig 
powei consists ni using tt cipanHU'chi , amotle of application whit li 
will be best nnderstqod by being exjiLuned in a p.irticular c<>-e Let 
it be Mijijiosod lli.it a piston, loiulctl with one ton, is riused tom teet > 
by filling tlie cylinder in winch it moves with low -pleasure steam, oi 
steam ot the ti'iision ol oiu’ aLii|osphcif An‘e(piiv.ilent ellcct may 
be produced .it the same (cxpcusc of stciini, by tilling one-fourtli ot 
the cylinder witli steam of tlie tension of four atmospheres, and 
loading the piston with four tons, which will be rai^fed'onc foot 
Hut the piston being laised one foot by steam of foiii atmospheres, 
and in the position repieseiilcd in Ibg^ 21 >, the supiily of steam 
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injiy be cut off, and thetpistou will continue to be elevated ni the 
ejliiider by tjic simple expansion of the sttam below it, although with 
H diminishing force When Ihc piston has been raised anothci toot 
m the c\linder, or tno feet from the bottom, the volume of tlic steam 

will be doubled, and its tension con- 
sequently reduced from four to J, 
or two atmospheres At a height 
^of thwic li'ct m the cjhndcr, the 
piston Mill ha\e steam belon it of 
the tension of 4 or 1 ] at raosjdieie, 
and when the piston is elevLiled four 
feet, 01 reaches the top of the e\lm- 
der, the tension of the steam below 
it will still 1)0 or orie.itmosphc'rc 
The ])iston h.iSj tlierctoic, been 
raised to a bright of tlnec feet, with a 
toroc progrcssiiclj dimmislmig lioiu 
four tdmosphdes to one, 01 Mith an 
aieiagc toice of t\io atmospheres, by means ot a powei acquned 
without any coiisiiwiptioii of steam, but by the expansion merely of 
‘-ti'am that had alicarly produced its usual effect ^ 

The boiler used to produce the 
steam is eonslructid of dillereiit 
foiins The cylinder boiler, of 
which a section is given in ligurc 
21, was found the most ccononii- 
eal for the great steain-eiiffiiies 
at the Cornish mines, andi its 
use is extending 111 otherquartcis 
It consists ot two (‘3 lindei s, one 
within the othci, the smaller cy- 
linder containing the liic, and 
the space between the tw 0 cylinders beiii^ occupied by the w ater 
The outf r cylinder may be six feet m di.imeter, and is often fifty 01 
,''i\ty feet m length The heated air irom tlw) lire, after travcising 

* For tliL malhcmatK nl tlicoiy of the !itcam'Ciif;)nc, sil n 'Muiioii 011 tlio Motuc 
l’o«cr of Ilcut, by E {’’InptjroiijTnjhr’s Scjentibc jMliiio)|^, m >1 i p 317 , J. incmoii 
onthc Heat and Ekstitity of Gasts »iid VajKiurs, by C Holt/inaiin, ibid vol iv p 109, 
F)x|)cniiients on the Expansive Foirr^of Steam, by I’nif 0 Alagiiiis, ibid. p« 218 , and 
on the ForLC*re<i\isitc for the Production of Vapours, by the same, ibid p 235 
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thp iiuicr cyliiidcr, is conducted under the tiboilcr by the flues Oj o 
before it is conveyed to tli# chimney 

In locomotive steam-engines, wher^ the prinei]ial object is to 
generate steam m a small and compact ajiparatiis \nlh great r.qmhty, 
a diflcreiit construction adopted Here the boiler consists of two 

parts, a square box witli a double 
Fio afi casing (of which a section or end 

\iew IS given in figuie 20), which 
contains the fire f, surrounded bj 
a tluii slioll of water in the space e e, 
betaiism the casings , and a cylinder 
n, through the lower part of which 
pass a number of rop]ier tubes ol 
small si/e, which connnuni^' ite <i(, 
one end w ith the fiic-boy, aiuh ill 
th<‘ othoi with the chimney, and 
form a passage foi the heated, an 
from the tire to the chinnuy Tl\ 
means of those tubes, the object is 
accomplished of exposing to a soiireo ot licat tdio greatest possible 
quantity of surface m contact with the water — f D> La) dun 
on the Htea)n-Knyi))e Calnnet C)/eli)i)(t‘il)n ) 

The subject of dislillatioii is a natural spijuel to \ apon/ation , hut 
it IS unnecessary to enter into imieh di t.iil The jirmcipal point to 
be attended to is the most eflit lent 'mode of condensing tlic vapoiii 
IhgiiTO 27 represents the ordinary aiiangiment in distilling a liipiid 
from a retort a, and condensing the \ajiour in a glass flask 5, wdiuli 

IS kejit cool by W’aler diopjmig iqum 
it from a funnel nboic, c 'J'hc 
condensing flask is covered hi 
bibulous pajier, so that the wain 
falling upon it may he made to jia"' 
eqiicdly over its surface, and it i- 
supported in a basin likejj’isc con 
taming cold w^atcr 

Hut a much superior instrument 
to the condensing flask is the con 
densmg tube of Professor Liehi}.'. 
(fig <18) Tins is a plinii gla!^' 
tube, t t, about thirty inches ni 


Fio 27 
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Uivgdv, smd oiip inch intomal (h.nnctvr, ^\lucll is curlo'-cd in a lavger 
tnb(j h, of brass or Im -pi at o, about Uio feet long and two incbis in 
(b.iiiK'ft'i, tlio ends ot uliich arc closed bj jiorfoiatcd corks, made 
fast by a innturc of .iv lute and red k‘ad witb n dr>iTig oil, a resinous 
foil lent being useless, lor such a iimclion Or, tbo loner opening 
ina} be conlrartcd by a collar of (m-plato, not much nidor tlian tbo 
glass lube, and the tivo be united by a strong ring of sheet 
faoutoliouo A coiislaut sup]ilj of cold condf'iisijig water from a 
losssol a is introduced into the sjVace bctnceii the two tiibess, being 
eonieycd to the lower pait of the iubtrument by tlic funnd and tube 
/, and flowing out from the ujiper jiart by the tube g. I'lie con- 
d(^is('(l liquid diojis quite cool fnan the loiiei cxlreniity of the ghiss 
lube, where a vessel is jilnecd to receive it The spnal copper tube 
or norm wdiich is used for condensing in the common slill is com- 
monly made longer than is iicfess<iry, and, fiom its form, rannot bo 
ex, limned and cleaned like a slniigbt tube Much vapour may be 
eoiidensed by a small extent of suiface, prowled it is kept cold by an 
ample su{)ply of condensing water 

Fm 29 , rtotli tbo outer and 

inner tube may be of 
glass in the eondensing 
^ apjiarat us w Inch liasbei ii 
described, and .then tlie 
small tubes to bnng and 
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cany off tho conrlcnsmg water maybe made t«o pass through openings 
in the corks, uhich they as represented in figure 29., 

KVWOKATION IN VACITO 

AVatcr rises rapidly in* \apour into a vacuous space, uithout flic 
aiijicaraiicc of ebullition, at all temperatures, even at i52 , and grialb 
lower. Its elastic force increases as the teinpeniture is elevatc-d, till 
at 212'' it is criuallo that of tfie ahnpsphcie, or capable ot supporting 
a colmnn of mi'rcury thirty niches in height Yaritms other solid and 
li<[uid siibst.incc-s emit vapoiii in siinilai eiieunistanccs , such as cam- 
phor, alcohol, etlier, and oil of turiieutiiie Such bodies aie said to hi' 
rota tile, and other bodies, such as marble, the metals, Srr ■hIikIi 

do not emit a singh' v.i])our at llie tem- 
perature of tlie air, .ire said to beyi i cilf- All 
bodies IV Inch boil.il low bmpeiatuies belong 
to Ihe volatile class An accurate estimate 
of thcvolatility of dilhriiit bodies is obtained 
by determimiig*the elastic fence of thcyapoiu 
wdiidi they (smt iii the vacuous space above 
the colunm ot meieui} nf the haiomctcr J( 
vve iiass up a bubble of cur into the vacuum 
of the barometc'i , abovethe uii iimial column, 
standing at the tune at a height of 30 inches, 
the niorciiTv is ch pi esse d, vve m.iy suppose, to 
the level of 20 inches, or bv one inch This 
vvcmlil mdicale Hint the air, by rising above 
tho mere 111 j, has be c'u c'xpaudcd into tlnri} 
times its foimcT bulk, or that the clastn 
force of tins rare an is ec|UAl to a column of 
one inch of merrnij The cdastie force ot 
v.vpouris eshinnic'cl in the same mariner A 
lew drops of the hr|ind opcT.ited upon aic 
passed up into the v.icuurn above the mei- 
^ cunal eoliinm, which is clejircssed^in jrro- 
portion to the clastic foice of the vapour The* depression produced 
by various licjuids is v ery dillercmt, as illusti ated in the annexed figure, 
representing four barometer tubes, iii^ which' the mercury is at its 
proper height iii No 1 , ,is depressed by the vapour of water of the 
temperature 60° m No 2 , and by .alcMiol and ether at the same 
temperature in Nos 3 and 4 rcspectivcdy 
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The depression of tlnj mercurial column produced hj ' m ati-r at every 
degree of temperature, between 32° and 212° ivasfiist determined by 
D.ilton, afterwards by Kacinl/^, and again (|Uitc recently by 
M llcgnaultl" 'Hie follow mg ‘.ileetid obsi n atious pio\c that the 
elasticity incicasi's ,tt a very rapid late wiili*lhc temperaluic 
v\rfu a oi w \rETi in i »tio (TiirjuniiU) 

'I'cmiH r<i(ur< Uiaioii in Milliinilt r' mil Lnglisli 

, imhcs of Ml ri 111^ 


Cl iilig 

111 hr 

Milliiiulii 

Knu'lish 1 iilIi<>i 

—30° 

22° 

0 305 

0 0114 

— 2“i° 

—13° 

0 553 

0 0218 

—20° 

—1° 

OSll 

0 oni 

-15° 

5° 

1 28t 

0 0500 

— 10° 

14° 

2 078 

0 0818 

-5° 

2 JO 

3 1 n 

0 12)3 

0° 

32° 

4 000 

0 1811 

• r,» 

n° 

0 5)4 

0 257) 

10° 

50° 

•J 105 

0 )G08 

l'i° 

50’ 

12 CUO 

0 5000 

0(1’ 

fiH’ 

17 301 

0 (.847 

i")’ 

'iT * 

23 550 

0 0272 

30° 

S(i° 

31 5 tS 

1 2421 

)j° 

• ')5° 

41 S27 

1 0408 

<i0° 

* 110° 

118 701 

5 S )S J 

83° 

185’ 

4))041 

7 0188 

100° 

212° 

7(>0 000 

20 0220 


'Flic vapours of otlici lupiids iiicroasp in deiisitj and elasiie lorce 
witJi the temjieiatuio, as well , as the vaiHUU of water, but ra<li 
^aJloul apjK'ars to follow a rate of piogic>Mon jiecidiar to iIm ll;]. 

The asMuiiption of latent heat b) Midi lapouis is evinced iii some 
jvoiesses foi piudnciiig fold AVatei may be ti(>/< ii In tlu' ei.ijioia- 
1 ion of ctliei in the aii-]iunip, and .i cold jiioduced of 55 de^ees 
under the yero of Kilirenhcit by the evapoiation of that fluid The 
ether vapour drives its store of latent beat- from the reinainmg fluid 
and coiiiiguous bodies, wfbich being robbed of Ibeiv beat, sufler a great 
refrigeration To sustain the evaporation of this fluid, it is necessary 
to w ithdraw the vapour as it is produced by continual pumping The 
voIatile*li(piid, sulplinret of caiboii, snbsl itiitefb for ctlii'i, prodiiees 
’ tfven greater cfTocts 

Kiemt/, Meteorology, eililcd b) C AVdlkci, p C9 
t A.iui,Jea dc Chimio, 3d sCr t "^ixp 3)5,>uudl w p,13n 

t 1' or the iLiisiou of the 'vapoiii of iiicri uiy at ditlcvTil tniipfraturos, see a incmon 
of M Avugadro, Aimnles de Chiiriii* Ac 2 si'r t \hx p 3Ct) Tor other jtapours, the 
article Damyff, ,u the ITandworterbuch du f htniie, Ac of Lifhig, roggciidoi ll, and 
older, qnd the memoir by Mr Faiuday, On the Liqiicfnction and Solnlilii.ition of 
llodies gcncraUy cxiabiig ns Gases (Philos Trans 1343, p 155) 
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Oil tlie sfune prnicijile is foiindcd LcslieVs eli'pnnt procc’^s for tin 
free/iiig of Wiiter liy ils oa ii'cvapoi.ition, vitliiii llio ('vliavstcd rt’cont'i 
of an aii-pnmp, llir naiiouhoii biiiif; kipt up by llic ribsoibciit 
powd of sulplmiic add ALttloWidd iii a cup of porous sloiu- 

waic is supported ovit a 
shallow basin containing 
sulphiiiio add (fig ‘tl) 
All that IS iK'Cessaiy is 
lo piodiue a good o\- 
Inii-tiou at (list tin 
piocessis ot (‘\a])Oialion 
aii.l absoiption then go 
on spout, iiu'oiisb, 111 an 
nmnidrupfed ni.iniKi Vaiioiis bodiis^ wlndi h.i\e a pojieiliil 
attiaction lor uatm vapoiii, ina\ be usi d as ahsoibeiitsj 'sueh tis 
pauhod oatuualj the powdei ol nionlddnig whiiislone, and c\en diy 
sole Icatliei, by uuaiis of an\ one o! whu h ,i small (|naiitity ot natii 
may bi frozen, dmiiig suinuiii, in theri \hans|ed lecdvei ol jiu au 
pninp No substanee, honevei, 1“ siipcnoi^ ui this lespeit, to (on- 
centrated sulphmic anil \\ hcii this lupud ,be(Joines too ddnli to 
get pow Cl fully as an absoibi’iit, it iii.iy bi rendered again tit Ibi usi’, 
by boiling it and diiviiig olf the natd Tee might bepiocined in 
(piaiitity. 111 a naim ilmuitc, by this pioeess 'Hie necessary vatiiuni 
would be most easily coninnnided, on the huge scale, b} allowing the 
receuers to commuiin ate nitli a s'tioiig diuni, tilled nitli steam 
which could be condensed 

In the (' ! i/ojihin us of Dr AVolListoii, w dci is also fio/eii by its 
own «v.iporatioii 1’lns uistminent consists of two glass bulbs, eoii- 
Fig 32 netted b) a tube, and 

loiitainnig ii ])orlion of 
n.itei, as repiesented in 
the figure The' air is 
first entirely cvpcllcd froili the nistruiiieiit by boiling the walei, in 
both bulbs, at tlie sapio tunc, and allowing tbi' ste<un to ese.rpe by <i 
small opening at the extremity of the little piojecting tube e While 
the instrument is entirely filled with steam, the jioint of c is fused by 
the blow -pipe flame, and the opcyniig l|^-imctieally closed In expe- 
rimenting with this instrmnciit, the W'atcr is all poured into one bulb, 
and the otsiier, or empty bulb, placed in a" basin containing a nuxture 
of ice and salt. Tlie vapour in the cooled bulb is coiidchsc'd^ but its 
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pi, ice IS snp])liC(l by vajiour from the water in the otIuT bull) \ 
rapid evaporation takes place in the \i.it<+ bulb, and condt in 

the empty bulb, till the ivuter. in the lonnei bulb is eooled low ,is 
If) freeze The iiishuTnint derives its ii.nnf of the ( t i/ojilt<n oi 
fiosi-bearcr, frfim this traiisfi'reiue ol tlie*f(jhl ol the bulb in lla 
ficr/iiig mixture to tlio bulb it a distance fioiii it 

'J’lie tpiestion arises, do those bodus wliieli evaporate at a model, he 
teinpciatiire continue to evapor^ite at ,»11 teinpeiatuics, hovvcvti hnv 
The opinion has prevaded, th,it bothes which are (hfidcdlv vapoioiis 
,il Inf'll temperatures, such a'- snljihuiu .nid and ineienri, luvir cta-^e 
10 evolve vapour, liowevei f,ii tliiir tempi i atm e iii,i> Ik dipii''Md, 
.iltlioiigh the quantity emitted boeouies hss and less, till it ctasis to 
be appreciable by our senses Ttlveii fi\(d bodies, sudi ,is nid.ils, 
rock^i^c, have been supposed to allow an eseape of (lien siibstaiici' 
info, air at the ordinary tein])eratiu‘i , and heme the .itmosjiheie has 
lief 11 supposed to eontaiii traces of tin vapoius ol all the bodies with 
winch it Is 111 cout,ict Cc'il.iiu icse.ndies of Mi F.uad.iv, pnhhslu d 
in th(i Philosophic al TiansaMions lor 1S2(), on the cMsUiue ol ,i 
Inmt to vapon/ation, cslablisli the opposite conclusion Mf'imiv 
was found to yield a rfimaJl ((uaiitity of vapour diinri!' suiuiner, ,it ,i 
temperature vary ini' from GO® to SO®, but in wiiitei no trace ol 
vapour could he detected Mi l'\ii.ul.iy has pioved 111 , it several 
chcinieal agents, which in.iy he vol,iti/ed by a he, it hi tween 300° ami 
'10(1'’, did not undergo th<' slightest evaporation when kept in .i con- 
lined sp.uic witli wmtei diu'mg lour yeais 

Bodies, thcrefoie, cease all at once to emit v.ipour, at some' pai- 
tfruhir temperature In mcreiu'y, this tenipc'iatinc lies between 10° 
and 60" Pahrenlieit But a progressive and endless chmiinific,*! ol 
v,i])c)ii/ang power is certainlj moie ii.itui,il than an ainnpt cess.ition 
\\h,it puts a stop to vapoiiz.itioii it may be asked Liquids, we 
know', have a certain .xl traction for their own paiticles, evinced lu 
their disposition to col lech into di ops The p,n licks of solids me 
attracted more powerfully, and cohere sfiongly together Mi Faraday 
is of ofiiiion, that when the vaporizing powcj becomes weak, .it 
low temperatures, it may be oveicomc and iieg.itived completely bi 
tins cohesive attraction, ,iiid no escape of pm tides m the vaporous 
form be permitted 

This supposition is conformable vvitb the views of eorjiusculap 
philosophy which were entertained by Laphice According to tliat 
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profound pliilosoplicTj the form of aggiogatton winch a body allccis 
depends upon the mutual relation of thiee tones 1 Tlio atliartion 
of each particle for the other jwrtielus which surround it, whirli 
induces them to appioaeh as near as possible to each other 2 Thi“ 
attraetum of each pail ic^c foi the hiMt •which sunouuils the othn 
partieles luits neighbourhood ‘3 There|)iilsioiibct\ircnthehcatahicli 
surrnuTids each ii.iiticle, and that which suitouiids the tu'ighbouniig 
paiticlcs — a force wlu( Ii teudl« to disunite the pai tides of bodies, 
AVhcu llie lust of these fences pre\.nl'«, the body is solid, if the 
(ju mtity of heal augnn nts, the setond forte hetomos dominant, tin 
paiticles then move among each other with fat iht\, and the hotly n 
lif|nitl While this is the t.ise, the paitules aie still letanied by tlit 
attraction foi the iui"hbouiitig heat, witlim the hunts of the spmt 
which the htidy forintily ottupied, e\ee|)t at the siuface, who-ie the 
heat separatis tlmn, tied is It) sa\, oceasioiis e\apoialiou,' till tW 
iiifhumt of some pie-smc prevents the sep-uatitm troin being eUcctt'tl 
IVlieii the heal increases to sueli a degree lint the letiprocal lepiil 
sue force prevails o\er tlie atlniction of* the paihclts foi one apotheij 
they tlisjieisc in <ill threclioiis, ,is long as they mtet no obstade, autl 
the body assumes the gaseous fonii I3er/clvis hdcls (hr lelicction, 
•that if, 111 that gaseous stale into wliicli Caguartl de l.i Tom ntluceil 
some volatile luiuids, the yiivssnre rloe>' not etinespoiid with Hit 
result of ealt nlalioii, that tlilUiiuee may diprutl on this that, as tin 
particles have not an oppoitumlv to lende iiindi, the two fust toree' 
contiinie always to act, and ojijiose the tnision ot the "as, which doi- 
not establish itselt in all its povvir unless when the paitidrs aie so 
distant from cadi otliei as to he out of tin spheic ot thr‘ lufliicncc d 
these foi res * 


OASFS 

PermaTieTit gases, sueh as atinospheuc aii, uiupiestionahly owt 
their clastie slate to the possession ol l.deiil heat Bid the theoii 
of the similar eonstitutioii of gases and vapours, although s?ii])])orti il 
by strong analogies, was not generally adojitcd by chemists, till d 
was ex]ierimentally confinned by I’araday, who first liquefied several 
of the gases t His method was to generate" the gas in one end of 

* Trmlii dc Chinuc. par J .T Berzelius, t i p Til 
t riiilosophical Transactions, 18,43, pp 160, 180 , and ISf), p 155 • 
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A "strong gla'ss tube, bent lu the 
iniddlt*, <is rcpicsmtcd (lig 33) , 
and liormetic.dly seeded The g,is 
actiiinidatiiig in a confined spaie, 
(nines t(? exert .i |no(ligious pus- 
sine, an ellect of ivhidi is, that .i portion of the gas itself condenses 
info a Inpnd m flic end of the tube most u'mote tioin tlie matciials, 
hIiilIi is kept cool \iith that \i<w (.'oiisidtrable danger is to be 
apjnehended b) tlic opeiaioi in conducting sucli expcniin nts, fioiii 
ilu bnrsling of the glass (ubes, and tlie face ouglit al\ia\s to be piu- 
(ertid b> a ivne-gau/L ni.isk. lioin tlie elletts ol an t\])losion The 
names of the gases iihich were Inpielied in tins maiimi, aie siilphii- 
lons ,Kid, cvanogciij chloiinc*, aiiimoiiiaLal gas, sid|)liinetlud hydro- 
gen rai home acid, iniinatK acid, and iiitions osnle , whu h icqiiiied 
a•(hgl(^ of prchsuie vaning, in the diileunt ga-i s, tiom tun .itinos- 
pliero'', in the tirst meiiiioiiod, to lil(\ itmospheies, in tin* List niiii- 
lujiied g<i'«, at the tempi latnrt ol 15" Tin Inpu latlion ot serial 
ot these' gases has since bcei? cHi'c ted b) tlie ippluatiouot (old alone, 
wilhoiit ( oiiipiessiou 

'I'he piinciple of I'jiiada^’s eondi'iisnig lube lias been eniliodiul in 
the madnne of Thiloiiei loi the Inpn (aetioii ot (arhoiiie add gas* 
II ((msids (tig 31>) of two sinnlai cyhndiKal \essels ot uronghi 
non, and />, made exici 1111111 : 1 }' stiong, ol the capacity ol about 
till! e-fointlis of a g<dlon, each of uliidi is jnovuled \iitli a pccnliaily 
( oiistiiK ted stojifock, being a spheiical ping ol lead on a ^jnndle 
viliidi ran be seieivi'd down, by tunnng I he handle abo\(’, into a 
spheiieal eavity ol hiass-woik, having at its base a tiibnlai opening 
into the f}lind(a, whidi is thus dosed 'J'hcne is ,ilso a conneMiiig 
tube ol copper (', the imds ot wlndi (an be all.idiLd by sciews to the 
(li>diaiging oiilices of the stopcocks, mi as to iimto the two cylniclei'i 
ulien necessary The stopcock being lenuned bum one ot the 
dluideis a, vihicli is (.ilhd the gcmeiator, a diaige is mtiodiiced, 
(oiisistiiig ol two iioniuls ol piiUeiident ’bicaibonale of soda and 
tliice ]ioiijKls of uatci at the (empeiatiiie of, 99“ Afki stimiig 
lluse well tugcthei with a wooden lod, a i|ntintily amoiiiilmg to one 
pound lluee ounces of undiluted od ol viliiol is added, the laltei 
bung contauied in n long^cjlindiical \essil of hiass, sufficiently 
nanow to (liter the giiieiatoi, into whidi<it i*- r.iidiill} led clown by 
a hook without spilling \’he stopcock b(>ing now applied to the 
* Aimakii <le CIuuup, IbJ”), lx -137, ^■2 
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dcnsing s} nugub, lixcil to .i tabic, Uit' bi^t li.¥.iug ii ]n&lou ol tin ludi 
lu iliamctor, and the scroiid* a piston ot only half .in null in diainctci , 
and thc'scwcrc .i>i"OCialrd bv atoinuiling th.it thi' hist piiuip 
foiced the gas into and tlnougli tlie \aKes ol the bitoiid, .md then 
the bccoiul could be ciiijiXncd to thiow loniaul Ihis g.is, .dic.i(l> con- 
dciibcd to ten or t\ieiit> .itiuospheie^, into its fiiitd utipieiit, the 
couduisiiig tube, ,it a inudi Inghii jikssuk. 

The fondeiisiiig lubes ueie green bottle gl.iss, being fioin ’ill to 
qth of an inch external dianu ter, <iiul from d to -/„tli of .ni indi 
111 thickness The) iiere of two kinds, about nine .iiid eleven indies 
111 length one, in foim like an inieited svphoii ( ig .15), foiild liaii 
the bend cooled bv iimnei--ion into a old b.itli, and the 
otliii, lioii/oiil.il (tig ,‘1(5), ha\ nur a ( line downvv.iid 
luai 0111 ’ end to be coolid in tlu' s.nni in iiiiii i ^'nto 
tlie loinfest hgof the siplniii tube, ,iinl the sti.nglit pavt 
ot the hoii/oiit.il tube, ininnte piessuie gauges weie 
iiitiodiued viluii leiiuiiid 'rin ra])s, stopcocks, nud 
coiiiiei tois, \\(ie .ilt.uhcdtto the lubes by (oinnion 
ci'inent/ and the sciew joints ni.nle tiglit bj le.ideii 
ViasIlLls 

^^lth the .ijipauitns disdibid, oh haul g.is, which 
li.id not pieviouslv been h(|nelied, vi.is condensed into .i 
colonihss tiaiispaieiit thud, but did not become solid at 
tlicloucst tcinpeiaUue The tension of its vaponi vi.is'l (i almosjiluus 
nt 105 , and 2() 9 .itiucisplieres .it*0° I'’.i1li , but ]\[i l''.nada\' is 

doubt Inl \i I k thn tlu 
( onileiised lluid cun 
be coiisidned .is one 
unifoiin bodj llj. 
dnoche aenl gas, which is i.isdv liqnelud, liuving a fiiisnm of 2!) 
atmospheres only at 0° Falir , \\.islouiul to lrec/.e at — G(J°, and to form 
11 dear, colourless solid, vcsembhiig ie<* llydiobromic- .icicl became ,i 
solid crystalline body at —*121° Fliiosilieie .u id gns licjiietied undei 
a pressure ol about 9 utinosplieres, at about 100" below zero, ik'ul Mas 
then clear, transparent, colouiless, and veiy lluid, like liot ether, it 
did not freeze at anj temperature to whieh it could be submitted,' 
it has since been solidihcd by M Xatterer The results obtained 
with fluoboric acid were siijjilar riiospTiurctted hydrogen, subjected 
to high jiressnre, was condensed into a cMourless h(]uul by the most 

* live purth ot rciiii, one purl <if }cUow bees’ win, mid oiic jmit ol red otlirc, br 
■leiichi melted together 
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intcii'513 of colM attanuibl**, but was not solidified b\ nriy 

lcinpciaturc.api)b(‘d * 

Of ga-'cnus bodies pre\io)isl\ condensed, ludioclilonc acid did 
not Irecvo at llic lonrsl, attainable tcm|)( r.it ore, tin' tcii'.ion ot its 
\a])oiir was IS aliuos|)li(‘i( s at — ^’lOl atmosjiliercs at 0°, 
2(i 20 atinos])li('i(‘s ,it .‘5i° and 30 ()7 atmosjdicies at 40° 
Sidpliiiious and brcaine a ciV'laliiin, tiaiispaieid, ,iiid roloiiiles«i solid 
body at — 103°, llio yiusMue of llie \fijjoiu of li(|Uid sulplmioiis ^\as 
0 725 atinosplu ri s at 0° ['’abt , 1 j‘5 idinospben s at 32°, 2 atiiios- 
jilu'res at 10 “j, 3 atinosjiln n s at 0S°j 4 atinosplu r(s ,il 85°^ 
d aliiios|)li( res at 0S°, and 0 at inosplieres .it 110° 

SulpbiiK tied 111 drogni solidified at — 122°, loi minima nlnle n i'tal- 
liiie li.nislnrent snbst.iiiee, inoK' like nitialc of .nninonia solubiud 
ti()i»llie iiielled st.de, oi (.iinplioi, than ite Tin pics-ine of (lie 
i.tjirnii lioin the solid is not inoie, pioh.ihU, than 0 S ol ,in .itino-,- 
]ilieic, soth.it the ln|uid alloiud to < \.ipoi.i1e in the .m would not 
soiidily as (aihoiiit and does The lensiuii ol sulphujcifid ludiocfen 
^apoly was 1 02 atinospluu'at — 100°, 2 .ituiosphi its at — .38°, 0 1 
atiiiosplincs at 0°, 0 01 .d iii(>s))heros .it 50°, .nul II (i ahnospheies 
at 3‘2°, whub fortu jiromossion lonsnleiabh diflerent lioin that ol 
w.ifer or eaibonu and 

Mr r.uiidiu obseiKil, that wlini t.nboiiK atid is incited and 
U'solidilied by a bath of low teinpei.dme, it appr.ns as a deal tiaiis- 
’ ]i.iit'iUcnst.illniceokmrless hod\, like 1(0 It nulls, it — 70° oi — 72°, 
and (he solid c.nboiiic .Kid is heatiei (h.in the liquid l).ithiii<< it The 
solid or liquid eaiboiiu acid, at this leuipi Mtine, h.is n ]»iess!uie ot 
0 33 atinosjiheii’s Hence Hie laeihh with whicli liquid eaiboiuc 
.tcid, when allowed to escape into an, evitui:' oidv a pies..iiie' of one 
afmosphcTe, tieo/.cs .i ji.iil ol iIm’ 11 by the c i.iporation of .motlici p.iit 
The loUcniiiig aie the pic'ssuies of theiajioius ol eaiboiiic acid whidi 
Ml Tarachiy hits ohl.uued 

cvunoMC vriD % \roi^ 
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Nitrous o\idu ■W'fis obtiiiiiod solid, ns n bflivutiful clear ciystiillitic* 
coloui less body, by <i iL'iiijjenTiuM' estimated .it .ibnut — 15/) ,Mhentlie 
piessiirc of ils v.apourn.is less lli.iii one .iliiiosplieie Mr I’lirad.iy 
believes that liquid iiitioas oxide may be used instead of caiboiiic 
IK id, to |)ioduec degrees nt cold f.ii below those wlin ll tin* lalli'i body 
can supply Tins itlca w.is lenfied by M N.ilteicr, wlio has bf|uef](d 
nitrous oxide, .iiitl sciei.d other gnses, by inechaiiieal coinpiession 
He found (li.it li<(iiid nitious «OMdc ijmi he mix' d with sulphun't ol 
carbon in .nil piopoitioiie, and on jihunig a nuxturc of tliesi' two 
lupiids under the lemierot ,m au-pnrnp, he s.m aii .ilcoliol ther- 
inniULtci t.dl to — 1 10° C, oi — 210° l‘\i]ir , at this evtrcinel\ low 
teiiipeiatuie luitliei cldoinio noi tlie sidpluiret of c.uhon lost its 
(tiiictili lie .iKo suficedcd in frei/inu li(|md llno'-ilicu .icid h\ tin 
same means (I’oggcndoi/t’s Annaleti, t \ii p l.‘)2 .iritl Lm/.'g’s 
Annalen, t lu p 2jJ ) The leiisioii of its vapour w , is olisc’i \ eiMiy 
t’ai.ul.n to he, alinnsplieie .it — 1J5°, 1!) .11 .ilmosplicri s ,it ()°, and 
3d I .itiiiospheic'S .it '35° 

Litpud cvaiiogeii, when eoolul, bieoifies a li.ins|)..i( nl i i\st,illiiii 
solid, .IS I3nss^ andlluii'en li id piivioiislv olisc i\, (!,>'■ wlmli li(|ni(i(' 
.it — 30° The tension of its vapour was 1 do .iljnosjduiis .i( 0°, ;> ,37 
nj mospheres at !ld°, md (i 0 .itinospiu res at 0.5° 

Aiiimonu lonncd a xvhite, Uniisluci'iit, cnsiallini' solid, iiultiiu!: ,it 
— 103° The doiisitv ot the licpiid w.is 0 7 51 .it till", its ti'ii'ioii 
2 IS .itmosjiheies .it 0° 1 11 itiuosplieu'- it '52°, ,uul 0 !) .vtmos- 
pliercs at 00° 

Arseiiietted In diogi n, w Inch w.is lupicticd b^ 1 )iiinas and Soubeii an, 
did not sol]dif> at — 1 0(»° The tension of its apour w as () ') I atnio.. 
sj>lieKh-it — 7.5°, 5 21 atinospluus at 0° 8 !).> .ilinu..plicre> at 32°, and 
13 19 .itinospluies at 00° 

Tlic following gases showed no signs of hipiefaction when eoolul 
bjr the uiihuiiic acid batli in vacuo, at the picssims ixpressed 


% 



Atmogplicroa 

Hyiliogrn at 



27 

Oxygon 



'■•8 5 

Nitrogen 



50 

Nitnt oxiJc 



50 

Carlioiiit oxide 



40 

Co,il gjs 

m , 

# 

*• 

3> 


Sovi'ial gases vktc subiftittiMl b) M 0 Anno to still higher pres- 
sures, rismglor nitrogen and bjdioueii g.ises to 220 atinosplieiis, 

* Tor HiDiMus ri >.11111 on Ihr Ji(|iitfa(lniii of stvcml of Hit (;iiscs, kcc J)^bliollii'ijii' 
t nnirsilli ill)'), 1 xmi p 1S5 
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by immersion in the Hepths ol tlic sea, wlicrc llie results under 
picssiire could not he obscrv'cd * IVlost of them uere dimini^Iicd ni 
bulk in a ratio greatly cxrcffding tlie pressure, but tins has been 
shown to be often the case- whilst the siibstanec retains the ga'-eoiis 
iorin No sutlieient evidence ot the ]i(|iicfaction of any of the gasrs 
jiist enumerated has yet been pioduced Tlic same may be s<inl ot 
light (arburetted liydiogen At the lowest temperatures attainable, 
.ikoliol, cthei, «ulphuret of e nbon, Vhlondc of phosphorus, and 
ihlotine, also let.nned the liquid form 

Sii JI Ihivy tlirew out the idea that the ])rotligioiis rlastic force of 
the ]k(uu 1 gases might hi* used as a moving power Hut supposing 
llie ,ip])li( fition jnadicahle, it may be doubted, fiom wliat we know of 
he eoiistancv of the united sum of the latent and sensible heat of 
Ii^gl^piL'sMiic steam, wlnthei an> smiug of heat would be eflcclcd by 
sucji an ajiplicalion of the \apours of these fluids 

All g isi's whateier aic ab-^oibed and condensed by water in a 
gi''alcr Ol less degue, lu which c.isc tlicv cirtaudv assume the liepiid 
1(11 111 • The (pi.intity coiKh'iwd is wuh'ly didiient in the dilUient 
g.isLs, and 111 tlio same gas the ((iimfih condiiistd depends upon tlie 
pKssuie to which the yas is Milijict, and the temperature ot the 
alisorlnng watci Dr liciiiy pro\ed that witli carbonic and gas 
the absoibed by watci is the «aine, wliatcwei be the prtssine 

to which the gas is sulijett Ilenei', weclouble theweiglit or quantity 
of gas absoibed. In sub)et(mg it, iii contact willi water, to the 
picssuie ot two .itiudsphcics , and this prnctiee is adiqited iii inipieg- 
iialmg water with eaibonu acid, to make soda-water The coldii 
khe water, the gu'atir aKo the quantity of gas absoibed 

fu file pinsu.d lheoi> of gascs^ fhei aieassnrued to be cxpaiwlile to 
an iiidelniite e\lcnt, in flie ])ropoilioii lliat j)rcs!>iire upon them is 
dnmmshed, and to be contiactiblc under increased pressuie cvictly in 
l)i()|)ortioii to the conipicsMugfoice — the well-known law of ilaiiotte. 
The bulk of afmosjilu'iu. an has been fcnyid rigidly to correspond 
Aith tins hnv, when it wa^ espanded to liOO volumes, and also when 
compressed into l-25th o( its pmiian volume • Hut time is reason 
to doubt whelhei flic law bolds with absolutc’aecinacy, in the case of 
iigivs eitherm astatcof ext leme rarefaction, orofthc grc'atest density. 
Thus atmosphene .m'does ii«tnp])ear to be inclefimtely exjiansible, as 
the law of Manotto would , Require, foi t Here is ecitainh a limit to 
the earth’s gnsi'ous atmosphere, audit does not exp lud into 'all space 
I^r Wollaston supposed that the material particles of air are not 


■* Viinalcsilc Ciiiimc, iti , \F1.1, 1 \iii jt J?.) 
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imlcfiiutely minute^ but liavc a certain magnitVide and cigJit Tlies' 
particles arc inulcT tliciidluCiiceof apowcifiil inutiud ieiUilt>ioii, as is 
always the e.ise in gaseous bodies, and, llierc'foie, lend to sepa,rate 
from eacli othei , but as this lepuHve force diiniiiislits as the distance 
of llic jiailitlcs from cacli other nicieascs. Dr Wollaston iinagiiicd 
that the ii eight of tlie indnidiial p.irticlcs might come at last to 
balance it, and thus ])re\eiit then tiiilher dneigenec' On this view, 
winch is piobablc on othei grcKinds, j,ho evjiaiisioii ol a gas, caused 
by the lemov.d of picssnve, will cease at a p.nliculai point ol raiclac- 
tion, and the gas not exiiaiidmg (aither, will come to h.i\e an nj)|i( i 
smtacc, like' a h(|uid Tlie eailh\ atmosjilure ha-> ]nol)ably .ui exact 
liiml, and tine suit ice 

'J'he ch nation lioin tin law of IMaiiotte, in gas-'s uiidei a grcatei 
jni'-suic tliaii that of tlic atmosjduMc’', has bc'cn distnudy obsc'rv x m 
Iheinorc li([ii( liable g.iscs 'riiiis, Pioiessoi Oeisled, ol ('oixmli.igclij 
iouiid (hat siiljihnioiis acid gas diniinislu s, midci nicii'asi'd jirc'S'iin, 
iiioic ra])idl\ than common an 'I'lic \ohnnes ol iliuosplu ii( an ivid 
ci( the gas wtic ccpial at the lollowmg jifessme s — , 


c.iiuii 111 m 

ltll)OS|lll(llS 

1 

1 175 
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It will be obscr\ed that h""' piessuic alaacs snilices to rc'ducc the 
siilpliiuons acid gas to the same bulk than is neiitied In an If tly 
])iessmc upon the an and gas weie made' equ.d, then the gas w'ouhl 
be comjiicssc'd into h'ss bulk than the an, and (h'M.ite liom the law 
of Maiiotte IX'spu't/ obsLived an c'cpially c oiispicimns dc\iatiou from 
this law under mci easing piessuic s, nis(\eial otlioi gast"', paidicii- 
laily sulpluncttcd Indro^c'ii, ciaiiogeii, .md ammcmia, which arc all 
easily iKpieficd There is no ic'asoii, liowecei, to suppose tliat aiiv 
paitial liquefaction (*f tlic gases occurs uiidc^r the jn’cssiirc ajfjilied to 
them 111 such cxpciimciits They rcni'ain entirely gaseous, and then 
supenor compressibility must be referred to a hnv of their constitu- 
tion It IS tlie phcTiqjnciion begmiiing^o show itself lu a gas undei 
moderate pressure, wlnclfwas obscived^iii all its excess by Cagn.ud 
cle la Tolir, in the vapouis coiiliued by Imn under gieat piessuic 
(page 55). 
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Tlio'ic giiscs wliidi Hiw rleviatiuii must orcupy Irss bulk 

tluii tbc} oijglil to do uiulor the pics^iifc of tlic aiino'-jdic’rt' itM-lf, 
which maybe the reason \vhy,thc luiiieli.ible gases are gpiier<illy loiiiid 
liy cvpenment specifically hcaviei than they ought b) tluoiy to be 

M Jtcgnaull accoidiiiglj finds, that at the t( mperaturi' of ‘iS'’, and 
under more fi'eble piossuies ilian that of tlie atino>pheie, e.iiboTiie 
,ui(l deviates from tlie law' ot Mariotfc ni a maiked inannei, wliile it 
ajipears to follow that l.iw when heated to 212° under nioie lecble 
pressures than that of the atmosphere 

'I'lie density of carbonic at 32° (an = 1000) was 

t iidii the prossiiK! <i( iiiilliiiicltw (10 aiclits) 1 ">2') 10 
171 13 IjJlOO 

22117 , 1^21 1“) 

Thedc'iisil) of the g.is at 212° (that of air at the same tcmpeiatim 
lu ing 1000) was 

Imki (lie [)it>suic of 7<>0 imllniKlfis (10 nitlics) l"i21 IS 

118}') I >21 10 

'file theoretical density of eaihonic and, calculated in a inaiiiK'i 

whi(h shall he atteiwards esplaiiud, .ind taking lor the atoinu wnghi 
of (arhoii the iiiuiibei 0, is 1520 21, to which the luimbus loi 
the density of the gas iindei g’lCatly icducccl piessiiies appear to be 
coincignig j\r ]{eg.iaiilt \eiilied at the same tiiiie the exactness 
of the law of TMaiiotle loi atmosphenc .nr (Ainiales, xiv 227, and 
^:31 ) 

8ueh aie the most innarkable teatiiies whieh g.is('s exlubit in rela- 
11011 to pressiiK' and teinpoT.atme These jiropertus ,ire indepeiideiit 
ol the speeifie w'cights of the gases, xihich aic very chflennt in the 
vaiious members of the ehiss, and the}' arc but little rorincctul with 
the nature of the particulai substance or nviterial W'hich exists in tin* 
gaseous foim But wlnn gases dilleriiig m composition aic pre- 
sented to ('ach othei, a new property of tlie gfiscous slate is deve- 
loped, namely, the forcible disposition of dissimilar gases to intiTinix, 
or to dilfuse themselves through c.ich other This is a property 
vvhieli interferes in a great vlriety of phcnomcjfia, and is no less ch<i- 
ractcnstic of the gaseous state than any W'c have eonsidcred it ap- 
pears in ilic spontaneous diffusion of gases tin ongh each other, and 
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in the diffusion of vapours into p.ises, or* the ascent of vapouis 
from volatile bodies into aft and otlier {jascs, of m liicli, the sponta- 
neous evaporation of natei into the ^iii is an instance Helated 
closely to tins subjectj and prdimin.iiy to its consideiatioiij is the 
passage of different gases into a \aeumn, thiougli a small apiTtnie, 
winch tiikcs jilaccMitli ditleicnt degiecsof facility, with tlieiriatcs of 
transmission by capillary tubes The whole may be biicHy treated 
under the heads of, (1) EffuAon of gases (their pouring out), by 
winch T express their passage into a vaennm by a small apciturc in a 
thin plate, (2) Transpnatioii of gases, or thni passage through IiiIks 
of fine bore of greatei or less length, (Ji) 'I'hc dillusioii of gases, and 
( 1) Evaporation in aii 


IFil’SIOX OF GASES 

The specific weights, or weights of an erpial nieasnre, of the dif- 
ferent gases vary evccedmgly 'Hie nnmbeis representing these 
weights ai(* ulwajs rcfericd to the weight ot a gas, generally air, Ms 
I or 1000, instead of water, which is the standard companssu for 
litpuds and solids The opi lalioii of taking the sptcilic giaiity of a 

ho .icenratc CNS'cution of it alteiuh'il 
With gieat praclie.J ditlieullies A 
light glass globe r/ (fig 37) from 50 
to lot) cntne niches m capacity, is 
weighed full of <in, then exhaustid 
h} an au-]myip and weighed empty, 
the loss being Liken as the weight 
of Us lolimii ol air It is then, 
111 its cxhansled state, muted with 
a bell-jiU r, contiiiinng the g<is 
to be weighed and standing o\(i 
a mercurial trough, by n union 
screw bi’tw'cen the stopcocks d 
and e of the tw^o icssels, and filled with the gas, w'hich rushes fioni 
the ]ar to the vacuoins globe on opening both stopcocks. A supply 
of gas is convened to the jar by the bent tube b, afti^r being deprived 
of moisture by passing through a drying tube a, containing frag- 
ments of chloride of calcium The gloh»is again weighed when full of 
gas of the atmosphenc pressure aiul tciijjicrature, and the w eight of -i 
volume of the gas obtained by deductuig the weight of tlje vacuous 


gas is simple in pnnciple, but 
Fig 37 






EPFUSIOS OF OASES 


79 


trlolic The specific gravity is then calculated by the propoiiiotij 
as the nctglil ot air first, foundj to the weight of gas, so 1 000 (doiisii^ 
ot air), to a number 'vvliicli oprcsscs the density of the gas leiiuiiod 
]\[AI Duinas and Uousbiiigault, m thou late careful observations ot 
Hie density of o\ygcii, nitiogcm, and hjdrogon, employed a capacious 
rrlass globe, of which the eubie eoiitents weic Inst asccrt.uncd by 
iiicMsimng in an aeenratc manrn'r th<‘ volume of ivalcr recinired to till 
it (Amialcs, &c vm 201) In tlib refined I'xpi'i nneiits ol M 
Tlegiiault, lately published, a light glass biillooii of about ten litres or 
OK) cubic, inches in capaeily, vias employed as the wcigliing globe 
It \ias eountcrpoisc'd, wlieii weighed, by a similar globe toinied ot the 
same ghi'"’ , by which arrangement numerous and somewhat miecr- 
t.iin eorreetioiis for variations in the dciisily, teinperatme, aiullugio- 
iiiettw state of the air, dining the foiilimiancc' of an expciimeiit, the 
liFm^of ihoisturc whicli adheies to glass, and tlu' displacement of air 
h) llie solid matcnals of the balloon, wire eiitnely avo’thd ^ 

The lollowmg tables exliibil tlie specific gia\ilj of those gases to 
w liK li jeferenco will most fie?)[ueiitl> be made, air bring takiii lUs (lie 
slaiicliid of comparison m the fust tabic, and o\igcii m the second 
To e.idi specific gravity is achh'd, in a second column, the scpiare root 
(if I lie number, and in a thud coliimii 1 dnulecl by the scpiaie 
loot, or tlic reciprocal of the square loot 


TAJILE I DENSlTir«F OISES, AItt = 1 


< 

Dh ^SITY 

sai \ni Koor 

O! 

Ill 

1 

SQUVHh HOOl 

AUlllO- 

llllVt 

Nitro'^m 

0 07117 
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0 2012 
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* 'til borne arid 

] 62'l()l 

1 2105 

0 .S()S7 


('ubolK o\l(i(' 

0')7I2 

1 <)S55 • 

1 01 17 

C'.ilddiUil 1 

Tti.lil ctirliiircttul hvdrogeu 

0 1 51.9 
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1 3121. 
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0 9712 

0 9S55 

1 01 17 
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1 

NUions oxijc 

1 5201 

1 235,1 

*0 SO')-, 

<1 

Vti’H oxide 

1 0105 

1 0205 

0 9799 

1 

t>iiI[ilmrLtttd hydroKcn 

1 1791 

1 0800 

0 9208 


* hlonue 

• 

2 457.1 

1 5070 

0 6379 

It 


* Aiinalcs de Chimic, &c 1816, t xiv 211 
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TABLE ri un^snY of oases, OYYfil'N — 1 


r vbts 

1 

D1 ^S1J1 

1 " ' 

sai vKi 

lOOl OF 
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A ].u on the pLito ot an <m-pump kept vacuous by contimird 
('vh.iuslion, cUrI a nicdMUtil quantify *of air, oi any other gas, ,il- 
loucd to find its wav into the vacuous j.u iluoiigh a minute apoilnu 
111 a tliiii melalhc pl.itc, such as plaiuuuu fo4, nuidc by a hue sled 
IKiiul, <iud uot 111010 than l-.}00<lth of an lucli iii (h.linclcr With 
an impel feet (\haustioii, it is ibiiiul that tlie \eloeity with whicli the 
gas Hows into 1he lai i a [ndly increases till the aspuatioii powei oi 
degree ol exhaustion aiuounls- to about oiie-t!iiid of an almosjdiei e 
Iliglui degiees ol exhaustion douof piodiiceatoriespondingiucieasL 
of idocity, and the ddleiencc ot an iiicli of the rnricuiial column ot 
the gauge baiometei seaieely afleits the late at wliu lithe g.is eiitei;, 
wlifeji the laeiuiin is ueailv comjihte, and llie piessuic' to wliieli the 
gris IS subject a])])ioaclies that of .i wlioh* atniosphcie By a iieilo- 
rated plate hiicli as descubed, 00 cubic inches of dry au entered the 
laeuous, or iieaily vacuous air-puiup reeeivei, in about 1000 second^, 
and in successive oxperunonts the tune of passage did not vary moie 
than one or two seconds 

The time of jiasgage into a vacuum of a constant volume varied 
in the diffci cut gases, flic lightest passing m the shortest time The 
time cbrrespondcil very closely loi each gas with the square root ol 
its density I'liiis the square joot oj^ the density of oxygen being 
1 0515, and tliat of air‘1, (Table I ), the tune of passage of the 
constant* voluiiu! of oxygen was observed to be 1 0519, I 051‘h 
] 0506, 1 0302,111 cxpenmeiits made on different occasion^ the time 
of passage of the same volume of air being 1 Compareef with tlir 
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time of the pnssage of aeoiistant volume of oxygen taken as the 
time of hydrofjen was 0 2631, instead of 0 2'3 ('fable II ), the time 
of nitrogen was 0 9365 and 0 931-5, instead of 0 9 173 , the time of 
caihonic oxide, of which the tlieorclic.d density is the same as the 
last gas, waa 0 9345, instead of 0 9151-, of i arbuietted hjdiogen 

0 7023, instead of 0 7071 , of cmbonie acid 1 1675, instead of 

1 1705 The time of nitrous oxide uasahiajsthe same, as nearly as 
could ho observed, as that of (aibnnii «cul , iihile tlicse two gases 
lia\e the same specific gravity Por gases wliieh do not differ greatly 
from air in speeific gravity, the times eorrespond so closely with the 
jaw, that the densities oftliese gases, it u|jpears, might he deduced ,is 
arcaiately from an effusion expenmeiit .is hyadually wi’iglung tlicmi 
Till’ sensible deviation from the law in tlu' times of liolli tlie \ciy 
ligiitfcand very heavy gases ran he shown to be occasioned by tlie 
tiilTalanty of the apertme arising from the nnaioid.ihle thukness of 
the inctallie plate 

'rjio times of passage into a v.uuuin ot (([ual miIuiik's of diffi lent 
g.ises varying, then, as the square root ot tlieir densities, the velocities 
of passage will coiisccpiciitly be in the invcrsi' pioportion, or as 1 
diMclcd by the sipiare root of the gas 'Phis is the physical law oi 
tlie passage of fluids generally under pressure, whitli has been long 
c stabbshed for liquids of different densities by observ ation, but bad 
not previou'sly leceived an e\ppnmeiit.il veniicatioii in the case of 
•gases 

Mixtures of nitrogen and oxygen in different proportions weie 
louiid to have the mean rate of their coiistituent gasi s This is .ilso 
r'lijc of mixtures of carbonic acid, mlious oxide, and eaihoiiic oxide, 
with each other oi with the preceding gases But hydiogen .'vid 
carburetted hydrogen lose more or less of their pex uhai latc, and pass 
slower, when mixed with other gases Thus the tune ot }>ass,igc of 
a mixture of ccpal volumes of oxjgcii and hydiogen is 0 7255, 
instead of 0 6315, the mean of the times, I and 0 2631, of those 
gases individually. Supposing the rate of fhe oxygen in the mix- 
ture to Piinaiii unchanged, and that the alteration t.ikes place on the 
hydrogen exclusively, then the time of passage ol the lijdiogen has 
increased from 0 2631 to 0 4510, or been ne.irly doubled But it 
IS in mixtures where the proportion of hydrogen is large compared 
with that of the other gas, that the dcpnitura fioni the mean velocity 
IS most conspicuous Thus tfle addition of half a pci cent of an 
or oxygen Bas an effect in rctaiding the passage of hydrogen at le.isl 
* c 
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ttacc gre.(« tlun .-tat >t AoiUd ptoj„.o from >1, g«mfc, d™ 
nty b, caloulatio., 'Plied.mo of Hie emieion ol ndiogei, hu, b, 
coiL a debeate fed of tbe liantv of fimf e»' 1"’ " ' 

cliamo,.! oioivaleoe, ... l.idiogen .uirtine. is eveeed,..Bl, .e.,„,.k.d,l., 
being a marked deiMrl.be fm.n tbe usual u..ib.nMty ol gaseous |.i.. 

[Millets 

'in\>srTiiAiiov or o vses 

Tlir .iriAUKcnicnt eAlnbitccl (li^' 3S), «.is ...lopteil n. oMiimmnu 



the rates of passage of diflcitiit gases into a vacuum through a i.i 
pillary tube. Tlwj gas is taken from a counterpoised bell-jar, slaml 
mg over the water of* a pneumatic trough, and passes first by a 
ble t&be to a U-^haped drying tube filled with fragments of chloin^ 
of calcium, in ordej to be deprived ot aqueous vapour before ciiin 
mg the capillary glass fubc a The Jjist is connected by means ol 
tube of block tm -Hith a receiver on the plate of an aiTjpump, pr^ 
vided with a gauge barometer /, as represented Gas is ^alloived 1^' 
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('liter tlie exhausted reccftfer by ilie capllary tube, and tlie lime ob- 
stivcd which j^bc gauge baronieter ie<iUirt^ to fsJl a certain miinlK i 
of Indies from the admission a constant volume 

It IS found that for a lube of any given diameter, tlic limes ol pa-- 
sa£?e of dilfcreiit gases approximate tlic moie close!)' to then lespec - 
(nc times of ctrusion, the moie the tube is shortened and made to 
npproMiiiafe to an njicrtnre in a tluii plate \\ liile, as the tube is 
(Imigated, a deviation from those late* is obseived, uliicli is rapid 
mill tlie first additions in length, but becomes giaduallj less, and, 
filially, wilh a ccitain length ot tube, the g.ises allaiii lale^ ol iiliifli 
tlie lelation lemains constant, or nearly so, for !iii> faitliei mni'<is(' 
ol lenglli The same relation in veloeilj bchw'enllic diflen'iit iras( s 
IS (hen found to extend also tluougli a coiisnh labli laiige ol piesMin , 
as tft.m OIK' to one-tenth of an .it inospliei e 

The iillimate rates of tiaiispir.itioii difiei « oiisiduably fiom tin 
MILS of ('f!iisiou ol the same gases, .ind h.ive no nmloim nliium to 
llidi densit) Of all the g.ises turd, ox 3 gen ])iiss( s with le.isl 
lelecit^ tluougli a capill.iiy* tube 'I’lie time of passage inlo .1 
i.ieimni, nndei the atinosjiliciie jnessuie, of .1 volume ol oxjmn 
liemg 1, that of air vvis 0 9010, of iiitiogen 0 S701, mid e.iiboim 
<)\id( OvSGTl Till' tidiispir.iiion tunes of these gases .ijipio.idi sa 
<l()S('lyto lluir specific gravities, as mil be siciibvT.ible II , as loh'.id 
to the nifcicnec(h.xt the ti.iiispnaliou times aie dnectlv .is the densili 
till tlii'se g.ises Nitiic oxide appeals to coiiuide in tr.ms|)ir.ilioii 
time mtli nitiogcii, .illluiiigli deiisei, tlie spceilie giavity ot the formei 
being the mean between the densities ot the nitrogen and oxvgeii 
‘'he tuinspualion time of caibonie .acid approached very eloselv to 
t' 7.5, or tluee-fourtlis ot that ot o\)gen Nitric oxide, nliicli Ins 
the same sjiecific g'.ivity .is raibonu .ual, toincidcs peifecll) mill 
that gas also in time of traiispuation 'i'lie densities of these two 
£!fisos are to that of oxygen as 22 to 10, but then times of ti.inspii.i- 
tion die to the tunc of traiisjuralioii of oxygpii, as 12 to lO 

'file transpiration time of hydrogen, by several e.ipillary tubes, 
vnried bSt very little from 0 41, the time of ox^igeu being 1 The 
•iiiimbcr for hydrogen therefore approaches 0 437.5, which is 7-lOtIis 
of the oxygen tune The time of light carburctti'd hydrogen was 
also remarlcably constant at 0 {*50 to Q 555, wliuili appro.ieli, altliongh 
not very closely, to 0 5625, oj 9-16t]is of tl\e oxjgen tunc 01eti,int 
gas has probably sensibly the same specific gravity as mliot^en .md 
carbonic gxide, but it is much more transjiirablc th,iii these gfi‘=es , 
the transpiration tunc of olefiant gas being found so low ns 0 512 
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This result 19 not inconsistent with the triii? number for olefiant gas^ 
being 0 5, or one-half theltime of oxygen , lor the gas opcF^tcd upon 
was fonnd alwavs to contain eilhei a tjace of a heavy liydrocarboiij or 
a few per cent of tai borne oxide, both of wlmh increase the time of 
transpuation Tlydrogcn with five pei cent ol air was less rapidlj 
transpiicd than olefiant gif', the tinii* of that mixture being 0 53>i7 

The traiisjnratioTi time of mixtiues of the following gases wax 
exactly (he mean of the tin/bs ot llie inixi'd gases, namely oxygen, 
iiitiogeiij hydiogen, caibonn oxidi , mlioiis oxide, iind earbonic acid, 
but the hanspn alum time ot hjdiogen and caibnrelh'd liyduigeii, 
particularly llie loiincr, is gieally iiu loaded whim these gases are in i 
state of mixture with each other, oi with gases ot the former dax'. 
Thus the traiisjni.ilion time of a niixUiie of i“((u.d volumes of o.xygm 
and hydiogen w.is 0 9008, instead of 0 72, the mean time of the tan 
gases 'flic tiaiispnalioii time of hydiogen in sndi a mixture, is ,ix 
high .IS 0 SOKi , 01 , its transpir.itiou is then less i.ipicl th.in that ol 
pine Carbonic and 

'file ctlusion of a given measure of air into a vacuum takas plan' 
ahvajs 111 the same time, wh.ilevor maybeilx dtnsity, fiom one-fomtli 
of all atmosjihcrc nj) to Iw o atmosjilw'rex Hut the trauspiratiou ot .nr 
ol dilfeicnt densities was observed to t.ike plue in times vvliidi air 
invcisily as (he di nsities, oi, the di-nser air is, the moie rapidly is a 
given volume of it tianspired lienee (he ir.viispii.il ion of .nr .md all 
gases is gieatly allecled by variations of the baioineler, the higher 
the barometer the moie r|uickly are tin g.ise,s transpired The difi’ei 
eiiee in this lespoct st-parates completely tlic jihenoincna of elTiisioii 
and tr.xnspiration Noi e.in the phenomena of Irauspir.ilion be .ni 
etibet of friction, foi the grcatei the density of air, tlie inoic should 
its passage be resisted by friction Tlie trail spir.ibihty of a g.ix 
iippCcirs to be a constitutional j)ro]ierty, like its density, or its coni 
biriing volume, and the iii\x*stig.ition is of jieculiar inteicat from 
suppljnng a new class of constants for the gases, namely their coelli 
cienls of tr.msjmation The rates of ti anspiration of dilTcrent gasi' 
were further observed to be the same thiougli a fine capillaty tube ei 
copper of eleven feet fli length, and a mass of diy stucco, as throu^gli 
capillary tubes of glass 


DIFFUSION Of OASES 

When a light and heavy gas are once mixed together, they do nel 
exliibit any tendency to separate again, on standing at rest, differiii[! 
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m this respect from mixad hcpiids, inAiiy of whicli bpecdily s(>p.ira,tc, 
.md arrange themselves according to their dcnsitiesj tlic lightest 
uppermost, aiid the heaviest undermost — as in the familiar cvample 
of od and water, unless they have combined together This jiecu- 
har property of g<isea has repeatedly hecA made the subject ol 
oareful experiment Conraum ah, for instance, is c'J-’ciitially a iniv- 
turc of two gases, difrering m weight in tlic proporlion of 071 to 
1105, but the air in a tall close tube (if glass sever.d feet in length, 
kept upnght ui a still plate, has been found sensibly the Stunc in 
( cimpofcition at the top and bottom of the tube, after a lap'll oi 
months Hence, tlieic is no reason to imagine that tlie iipjier stiafa 
of the an differ iii coiiniositioii fioin the lower, or that a light gas, 
siidi as lijdrogmij escaping into the atmosphere, will ii^e, and nlti- 
possess the highci regions, — suppositions which lia\i been 
thogiouadwoik of irietcoiologie.il theoiies .it differi iit times 

I'fie earliest obscrv.itioiis we possess on tins subject are tliose ol 
Di _l’nestlcv, to whom piienm.atic clicmisliy stands so miuh indebted 
flaviii^^rej — „ occasion to V.msmit a g.vs tluoneh stoneware liihis 
surrounded by buriimg fuel, ho perceived that the tubes wcie jioroiis, 
and that the gas osc<ipcd outw.uds into the lire, while at the same 
tune the gases of the lue pcueti.itcd into lln* tube, .ilthoiigli the gas 
willuii the tube was in a compressed state 

l)i Dalton, however, first jicrccivcil the impoTt.int bi'aungs ol 
tins jiropcrty of auul hothes, and made it the subject of cxpciimental 
impiiry He ihscoveied (li.it any’two g.iscs, .lUowed to communicate 
with each oilier, exliibil a jiositivc tciideney to iniv oi to jMMieli.ite 
tliiongh each otlmi, cvc'ii in opposition to the iiilluence of thnr w eight 
In 30 Thus, a vessel h, coiittumiig a light g.is (liydiogeii), Inang 
* placed above a \ csscl t, eoutauuiig a he.ivy g.is (c.irbotiic <icid), 
.ind the two gases allowed to eommuuicatc by a naiiow tube, 
a*’ represented (fig 39), an lutcTchangc speedily took pl.iec ol 
a portion of their contents, wlueli it might be snpj)osed 
that tlicir relative position would liaVc prevented Contr.iry 
^o the sohciUtion of giavily, the heavy ^as eontiiiued spon- 
taneously to ascend, and the light gasito descend, till in a few 
hours they became perfectly mixed, and the pioportion of tlic 
two gases was.thc same in the upper and lower vessels This 
disposition of dillcrcnt gases to luteiihix, .ippoarcd to Di 
Dalton so decided ai/S strong, as to justify the inference that 
dflTerent gases afforded no resistance to each other, but tJi.it 
^ne gas spreads or expands into the space occupied by aiiotlu i 
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gab, as it would rush into a vacuum At tkast, tliat tlie resistance 
winch the jiarliclcs ot one* gas oiler to tliobc ol another is of a veil 
impcifed 1>iih1, to he coiiijniied to the resistance which stones in tlu' 
channel of a stiiam ojipobc to the lloV of running water Such is 
Dalton's tlKor^ ol llsj inibcihihly of the gases (Manchester 
IVJc'ninni, V"ol V ) 

III culcimg upon tins incpuij, I found, first, that gases diffuse into 
the atino-phcre, and into lach oilier, w'lth different degiccs of ease aiul 
ra[)ulity This was ohscivcil hy allowing each gas to diffuse fioiii a 
hotlle into the aii tliioiigh a icuiow tube, taking care, wlien the gas 
was lighlii than .ui, that it w,is allowed to escape from the lower pail 
of the vessel, and when heavier from the ii])per part, so that it had, 
on no occ^isioii, iinv disposition to tlow out, hut was constrained tu 
flitlusc in opposition to (he eflect ofgraMly Tlic result was, tli#'^ .iir 
srimc lolnme of dilfeient gases escapes m times wdneh aie evceedingli 
unujual, but luuc a lelalum to the spccihc gravity of the gas ' Tlu 
light gases diffuse oi escape most lapully thus, hydiogen esca])es tin 
tunes quicker tli.iii caihonic acid, whioh is twenty-two liincs^heavii i 
than that gas tSieoiidly, in aii iiilimalc mivtiirc of two gases, tlie 
most didiisivi gas separates Irom the otlier, and haves the receiver iii 
the greatest pioportioii Ilciice, by availing ouisehes of the teiideii- 
iKs of iiiived gases to diffuse with different degrees of rapuhty, a sent 
ol mcc]i.nii< cd sip.uatinn of ga-'OS may be effected The mixt'iie 
must lie .dlowcil to diffuse for a certain time into a confined gaseous 
eii v.ipoious sitiuospliere, ol such ft kind as may aftcrwarils be con 
deiised oi alisorlied with facihty * 

Hut the nature of the piocess of diffusion is best illustrated wlui' 
tlu^gascs commniiicate with each othei through imimte pores or apci- 
tiircs of insensible magnitude 

A singular ob&eivalion hcloiigmg to this sub]ect was made by Pio 
lessoi Dobereiucr of Jena, ou the escape ol hydrogen gas hy a fissnu 
Ol eraek m glass receivers llavmg occasion to collect large qiiaiitities 
ol th.l 1 light gas, he liAl accidentally made use of ajar which had .i 
‘-light lissuic in it lie was surprised to find that the w ater of ^he jinc ii- 
iii.itic tioiigh rose nitjo this lar one and a half inches in twelve 
horns,, .nul that aftei tw ciity-four hours the licight of the water w!!'’ 
(wo 111' lies tvvo-thiids abo%e the level of that m the trougli. Duiing 
(he rvpciinieiitj ni'JtBer (ihe lieiglit of flie barometer nor the tempi - 
latiiic of the jd.ice li.ul sensibly alterAl.t He usenhed the phciio- 

i 

* (iiiiilol} Juiuiiiil ofSricupc, New Sims. Vol v 

1 Vijiii'is ill CJiiiiiic it di I’lwhiqiic, 182S 
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menoii to capillary acticlkij and supposed lhat hydrogen only is ,it- 
tiacted by the fissures, and escapes tlirous^h them on account of the 
c\lrpinc sinallness of its atoms It is unnecesaaiy to examine this 
e\])lanation, as Dobeirmei did not obsirve the n hole pheiiomiiion 
On lepeatiiig the cx])crijnoiit, and vaijing the circuinstances, it ap- 
peal c'd to me that hydiogcn rtevor escapes outwauls by the fissure 
Mil limit a certain portion of air jioiietrating at the same time him aids, 
aaioiinlnig to behieen one-fourth and wie-hfth of the volume of the 
ludiogen nliieh leaves the receiver It was found by an instrument 
uIikIi admits of iniirh greatei ]nccisiou than tlie fissured jar, lhat 
alimi livdiogeii ga.s coiiniiunieates with an tliiough such a chink, the 
,iii and hjdrogen exhibit a powerful disposition to exchange jilaccs 
viitli eadi otliei, a particle of air, liowevei, doc snot I'xchaiige with 
a j^'tielc of liydiogeii of the same magnitude, but of 3 83 times its 
uiiTgmtufle. AVc may adopt the word dilfitsion-iolnmi', to express 
tills diveinly of disposition in gases to interchange paitieles, and say 
thrit the diiIusum-\olunie of air be mg 1, that of lijdiogcu gas is 3 83 
Now e^vc'rv gas lias a ddliisioti-vohmie peculiar to itself, and depend- 
ni'!; upon ifs specillc giavitv Of those gasis wdiuii are ligliter than 
an, the dilliisioii-\olijriie is grcviter flian 1, and of those which are 
luaMei, the diirusioii-vohuuc IS less than ] The diflusioii volume's 
aie, indeed, iiudsely as the sfpiaro loot of the densities of the gases 
lleucc tlie times of the eftusioiiuiiddiflasioiiof gases follow the same 
law 

F„„ 10 Fn. 11 Exact results are oblamcd by 

means of a simple msiriiiuent, 
wincli may be CiilleJ .i diffusion 
tube, ,iiid which is coiistructad as 
lollows A glass tube, ojicn at both 
ends, IS selected, half an incli in 
diameter, and from six to fourteen 
niches m length A cylinder of 
wood, somewhat less in ihametei, is 
introduced into the tube', so as to 
occupy the whole of it, vntli the ex- 
ception of about one-fifth of an inch 
at one extremity, which space is 
filled wjth a paste of Pans plaster, 
of the usual consistenca for casts 
In the course of a few minutes the 
plaster sets, and oii withdriiwiiig tlie 
wooden cylinder the tube forms 
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a receiver, closed by an immoveable pliito*of stucco In tlie wet 
state, the stucco is air-tiglit , it is therefore dried, either by exposure 
to the air for a day, or by placing it in a temperature of 200° for a 
tew hours, .ind is thereafter found to be permeable by gases, even in 
the most humid atmosphere, if not positively wetted When such a 
dillusioii-tubc, six inches ill h'Ugth, is idled with hydrogen over mer 
cury, the dilliisioii, oi exchange ot air for liydrogcn, instantly com- 
mcnecs through the minute pores jif the stucco, and proceeds with 
so much force aud iclocity, that within three minutes the mercuiy 
attains a height in tlie receiver of more tluiii two inches above its 
level ill tlie trough, witliin twenty minuies, the whole of the hydro- 
gen has escaped Tu eoudiietmg sucli experiments over water, it is 
necessary to avoid wetting the stuceo With this view, bcfoic 
iiHiiig the ditrusioii-tubc! With hydiogeii, the an is withdiawu 
idaciiig file tube upon the short limb of an empty syphOn, (sec 
iigure 10), whicli docs not iCfith, but tomes witlmi hall an mcli of 
llie slutco, and ihon sinking the nislrument ni the water trough, so 
tliat the an escapes by tlie ‘lyjihoii, wfih the exci'ption of small 
(luautity, which is noted The diflusioii tube is then lilled up, cilhci 
entirely or to a ccilain extent, with the gas to ,bc didused 
^ The ascent of the water in the tube, when liy drogeii is tlifTiiscd, 
foims a stnlving exjicriment llutm expenments made with the piu- 
of (lelciniiimig tlic propoition between the gas diflusctl and the air 
winch replaces it, it is necessary to guaicl against any mcf|uahty ol 
picssurc, by jil, icing the ditiusion'lubc m a jar of water as in 
figuic 41, and lilliiig the jai with walei iii propoition as it nscs in 
the lube 

Ii* tins nistrumciit we may substitute many other porous sub- 
stances for tlie stucco , but few of them answer so wcU Diy and 
S'Oiind cork is very suitable, but pernuts the diffusion to go on very 
slowly, not being sufficiently porous, so do thin slips of many gia- 
imlar loliated minerals, such as flexible magnesian limestone Chni- 
eoal, w'oods, inigla/ed earthenware, dry bladder, may all be used for 
the same purpose ^ ^ 

It can be show n, on the pnnciples of jmeumatics, that gases should 
rush into a vacuum witli velocitua corresponding to the numbers 
wdiich have been found to exprras theij diffusion volumes j that is, 
with velocities inversely proportional to the square root of the den- 
sities of tke gases The law of the diffusion of gases has on this 
account been viewed by my friend, Mr T. S. Thomson, of Clitheroe, 
ns a tonfirmalioii of Dr. Dalton'^s theory, tliat gases are Inelastic 
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towards each other * *It must be .idmitted that the ultimate result 
in diffusion is m strict accordance with Dalton’s law, but there uie 
ccrtoiii circumstances which make me hesitate in adopting it as a 
true representation of the phenomenon, although it affords a conve- 
nient inode of expressing it 1 It is sujiposcd, on tliat law, that 
wtieii a cubic foot of hydrogen g.vs is allowed to communiccitc with a, 
cubic toot of air, the hydrogen cjjmnd'i into the space occupied by 
the air, as it would do into a vacuum, And becomes two cubic feet of 
hydrogen of half density The air, on the other liand, expands m. the 
Mine manner mto the space occupied by the liydrogcn, so as to 
bteornc two cubic feet of air of half density Now if the gases 
M tually cx-inindcd through each other in this manner, cold should be 
jirodticed, and the tcmpoiature of the mixed gases sliouldfill 10 oi 45 
ik'^^lCCs Dut not the slightest change of temperature occurs in dil- 
lu^ioii, liow ever rapidly the process is conducted 2 Although the 
iiKimate result of diffusion is alwajs iii conformity with Dalton's law, 
\et. the dilTusivc jirocess takes place ni dillercnt gases with very 
rlilfficjjt degrees of rapidity * Thus, tlie external air pciietratei into a 
dill iisioii tube with velocities denoted by the lollowiiig numbers, 1277, 
023, 302, aceoiding,as the diffusion lube is Idled with liydrogcn, 
willi caibonic acid, or with chloiinc gas Now, if the air were lush- 
ing into a vacuum in all these eases, why should it not always enter 
it with the same velocity Something more, therefore, must bo 
.issuincd than that gases arc vacua to each other, in order to explain 
the whole phciioniciui observed m diffusion 

Pas’tiiffe of yiisps Ihtouyh membtanes — In connexion viith 
ditth^ioii, the passage of gases tlirougli humid membranes may be 
noticed If a bLidder, half filled with air, with its moutJi tied; he 
I'asscd up into a large jar filled with carbonic acid gas, standing over 
aatci, the bladder, in the course ol twenty-four hours, becomes gieatly 
distended, by the insinuation of the carbomc acid through its suh- 
''tance, and may even burst, while a very little air escapes outwards 
from the bladder But this is not simple diffusion. The result 
deponds’iupon two circumstances . first, upon carbonic acid being a 
gas easily hqnefi^cd by the water in the substance of the membrane, — 
tfie carbomc acid penetrates tlie membrane as a liquid , secondly, tlna 
hqiud IS in the highest degreg volatile, and, therefore, evaporates very 
lapidly from the inner surface of the bladder ’into the air confined m it 
Tlie air in the bladder comes to be expanded in the same maihicr as if 
< tiler or any other volatile fluid was admitted into it Tlie plicnomt- 
* Phil Mng 3rd series, iv 321 
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non wds obbcn'cd by Dalton in il* siinplcat fotm Into a very narrow 
).ir, hall lillod w it li carbonic «cul gas over v\ alcr, lie admitted a little air 
The air and giis wck accidenUJly M^parated by a water-bubble, and 
I bus pieveiittd iioin iiitcnniMiig But the caibonic gas immediately 
began to be liquefied by file film of iialcr, and passing tlirougli it, 
eva])oraf(d into (lie an below The Air ivas in this way gradually 
e\p.iu(l(d, iiiid llic wiiiei -bubble ascended in the tube Here thi' 
imilitul.ir ])liciioiui‘noii in ((uestion was observed to take place, but 
vulliout the luteiverition of monibraiie It is to be icincmbeicd tliat 
the Ihimie-I iilm of iiater oi any liquid is absolutely impermeable to 
.1 i^as as such 

111 tin evpenmeuts of Drs Mitchell and l'\iust, and others, m 
iihuh gases pa-scsl tlirougli a sheet of caoutchouc, it is to be sup- 
])OH>(l fliat the gases iiere alwaib bquelied in that substance, -> mi 
peiiefiafcd tlumigli it m a fluid foim Indeed, few bodies Are moic 
lenmik.ible than caoutchouc toi the avidity with which they' imlnlic 
laiioiis lu(ui(ls The absoijitioiiof ellici, ot luiphlhn, of oil of turpeii- 
tim, softening the sulifrlauce of the ca&iitchouc, without dissobnig 
it, may be icleiiod to It is likewise always those gases winch aii 
moie easily iKiuelied by cold or prcssuie that pass most leadily tlirougli 
both caoulchoue and luiiind membranes Di Mitchell ioniid tlial 
file lime ie(|mied lor the passage of equal volmues of diilereiil 
g.iscs tliiough the saint nieinbumc, vuw 
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dificsion of vapouAs into air, or spontaneous evaporation „ ■ 

\olatile hodius, such as water, rise into air as well as into a 
ijicmun, and obviously cKcordmg to tie law by which gases diflW 

r t cl r t ^ voMile liquid 

S r r'n " n r water, one half filled 

.«ir, and (he other with hydiogen gas, the air and ‘hydiogei. 
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unmecliatcly bt'gin to ex|>antl, from the ascmt of the etiier-vapour into 
them, ami the two gAbCs iii the end Ijavc their \olume incitdseil 
t\.ict!y 111 the same pioportion But the hydrogen g.ii> uiidiigoe'j 
(liife expansion m hiU the tunc thtit the air requiics , that is to ''.ly, 
etlier-vapour follow^s the usual law of difl'uMon in peiietuiting moie 
lapidly tliiougli the lighter ga>? 

tW aic indebted to Dr IXJton foi the discovciy tliat the ciapor.i- 
lioii of water has the sainc liiint in dip ns in a i.icuiim Indeed, the 
((lumtity of v.ipoLii fiom d volatile body wlutli can rise into dcoiiJiiifd 
space. Is th(‘ same, ivlietlier tliat space be a vacimm, oi be ahe.uly 
Idled with air or gas, in any state of larilaclion or coiideiis.il mii 
'file \apoiir uses, and adds its ow'n elastic force, such .is it exinliits ni 
a vadunn, to the elastic fotce of the other gases or v.ipoius alieady 
iii^’ipyiiig the same spare Hence, it is only nccessaiy to hiiow wind 
ipiaiility* ol any vapoui uses into a \acuum at any paituulai teinpeia- 
Uue, — the s.iiiio quantity uses into mr Tims the vapour liom 
\i .'iter, which nsos into a vaoniun at 80°, depicsscs the irutcniial 
(ohunji one inch, oi its tension is oiic-tluitioth of the usual tension 
ot the mr Kow, if watci at 80° be adniiUed into dry an, il will 
mcre.ise the tension of that air bv l-30th, if the air be confined , oi 
increase its bulk by 1-llOtli, if the air be allowed to expand M 
Itegnault has, iiideid, observed that the tension of the vapour of w.itei 
111 air, and iii pure nitrogen gas, is .ilways a little more feeble (2 oi 
-‘I [Ki cent) tlian in a vacuum lor llie s.iinc temperature, (Ainiahs, 
XV 1.37), flora nliidi may be nftenod the existence of ‘some physical 
obstacle to the full ditliision of va|X)urs, of which the natuio is at 
|)i{“-(’nt uiilviiown The density of the vapour of water in an s,duj.iled 
wdli it may also be taken as the same as it has been found *m a 
v.icuiiirij Ol GS2 (cui = 1000), M llegmiult li.ivnig obsened it lo 
deviate not more than onc-liundrcdtli p.nt from th.it density, at all 
lenipcrat ires between 32° and 72° Mir — (Ibid p IGO ) 

The spontaneous evaporation of W'atcr into mr is much atlectcd by 
thice circurastaiices 1 the previous state of diyiicss of the an — ioi 
a ccrtaiji fixed quantity only of vapour can nsc^ into an, as much as 
into the same space if vacuous , and if a portion of that quantity he 
Jready present, so much the less will be taken up by the an ) ami no 
evaporatiou whatever 'takes ^ilacc into air which contaius this hxed 
quantity, and is already saturated with humidity 2. By warmth — 
for the liiglier tlie temperature the more considerable is tlis quantity 
of vapour* which nses into any accessible space Thus w'atcr eiiiit<^ so 
ouich va*poitr at 40° as expands the air in contact with it l-l]4tli 
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part, and at 60° as much as expands mr 1-^th part, or the 

quantity emitted at the loifcr temperature Hence, hyraid hot air 
contains a much greater portion of moisture than huimd cold air 
4- The evaporation of water is greatly quickened by the removal of 
the incumhcnt air in jiroporlion av it becomes satumted , and hence 
a current of air is exceedingly favourable to cvapor.ition 

When .m satuiatcd with humidity at a high temperature is cooled, 

It ceases to be able to sustain the huge portion of vapour which it 
possesses, and the excess assumes the hquid tonn, and precipil.ites in 
drojis Many famili.u appcnranccs depend upon the condensation 
cl the vapour lu the atmosphere When a glass of cold water, foi 
instance, is hroiight into a uarm looin, it is often (piukly covered 
with moisture The air in contact iiitli the glass is dulled, and its 
power to retain vapour so much leduccd as to occ.isioii it to ileposh a 
portion upon the cold glass. It is fiom the same cause that'uater'is 
often seen in tlic mormng miimiig down in streams upon the inside 
ot the glass panes ot bed-room windows The glass has the low 
lein])erature of the extern d air, and by contact cools ilit' waijn and 
humid air of the .qiartment so as to occasion the precipit.il ion of its 
moisture lienee also, when a waim thaw follpws after fiost, thick 
stone walls wlneh continue to retain their low temperature arc 
covi'rccl by a profusiou of moisture 

Ih/^iomctcn — As water evaporates at all temperatures, howxvei 
low, the .itmospliere cannot be supposed to be ever entirely destitute 
of moisture 'flie proportion present vaiies with the tc'inperatiiie, 
the direction of the wind, and other circumstances, but is gciicr.ill) 
greater in simuucr than m winter There an* various means by 
wincSi the moisture in the lur may be indicated, and its quantity 
estimated, atloichiig pniiciplcs for the construction of ditTcreiit lij gro- 
seopcs or hygrometers 

1. The chemical method consists m passing a known measure 
ol .nr o\ cr a liigldy hygroinetnc subst.mcc, such as chlondc of cal- 
(luin, contained in a glass tube, wliirh has been weighed, the 
increase of weight is, that of the vapour absorbed. The expjnmciit- 
admits of being made with ngorous accuracy, but is seldom had 
recourse to, except to check other methods which are more expe- 
chtious, but less ccitaiji * « • * 

2 Many sohd substandes swell on imbibing moisture, and con- 


* The present anil following methods of hygromeby, and all the e^ipenmcntid dale 
rrr|iiircd, lia\r lately received a Ml and enUca] revision from M Regnaolt, of l^he greatest 
value See lua “ Etudes aur I’Hygromelnc,” Anjules de Chimie, &c 1835,1 xv p 12U 
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tract again on drying Such as wood, parchment, liair, and most dry 
organic aubptanccs The hygrometer “Vif Deluc consisted of an 
extremely thin piece of whalebone, which in expanding and contract- 
ing moved an index The principle of this instrument is illustralcd 
111 the transparent shavings of ’nlialchonc cut into figures, which bend 
and crumple np when laid iipoii the warm hanti Saussure made use of 
human liair boded in a solution of carbonate of soda, as a hjgrometric 
body, and it appears to ansn cr better than any other substance of the 
class Kcgnault does not make any essential change in the construc- 
tion of Saussure, but prefers to dt^mve tlie hairs of unftuoiis matter 
by leaving them lor twenty-four hours m a tube Idled with cthtr 
'liipy preserve in tins way all their tenacity, and acffuin' at the same 
lime nearly as much sensibility as if they had been prepared by an 
ajkah He finds that each instrument must he graduated expen- 
irfentdlly by jilacing it in a confined space with air lve]>t in a known 
state of humidity by the presence* of dilute sulphiine acid of several 
degrees of htrcngtli, whicli he indicates, and supplies tables of their 
tensiqji at different temperathres (Ibid p 173 ) Of this instnuneid, 
wlucli IS so coiiveiiieiit in a great many tircimisttinces, he sjieaks more 
Ingldy than physicistj generally of late, but at the same time remarks 
(hat it re(|uire3 great circumspection in the obscrvei, and that tlie 
oeiasion.d vinfication of the instrument by means of the solutions 
lust employed m graduating it is inchspcusahlc 

Fig 42 3 The degree of dryness of the air 

may be judged of by the lapidity of eva- 
poration Leslie made use ot liis diflc- 
rcntial thermometer as a hygrometer, 
coveiing one of the bulbs vnth miislirl*, aiul 
keeping it constantly moist by means of 
a wet tliread from a cup of water placed 
near il Tire evaporation of the moisture 
cools the ball, and occasions the an in it 
to contract This instrument gives use- 
ful information in npgard to the rapidity 
of evaporation, 'or the vlrying power of 
the air, but does not indicate directly the 
^uantifiy of moisfjire in the air. Tlu* 
^eet-hulh hyqtometer, more commonly 
used, acts on the same printiple, but 
consists^of two similar and very delicate mercurial thermometers, tlie 
bulb of one of which («) is kept constantly moist, while the bulb of the 
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other (i) IS dry The wet thermometer always indieates a lower tom- 
pernture than tlie dry onOj tnless when the air is fully S|ituratcd willi 
moisturCj and no evaporation from the moist bulb takes plaee In 
making an obseri ation, tlie instromcut is gcnei ally placed, not m 
absedulely still air, but Tn an open window Mliero there is a slight 
di a light 

The indie, itions of the uct-bulb hvgroiiii'tei, or psyclirometer, me 
disanered by simple nispcrtuifl It is, tlieu'fore, a pioblcin of llie 
gre.^test impoilancc to dediue from them tlie den ]ioiiit, or Ihc ten- 
sion of the vapmii in the air, bj an e.as\ mlc (Jonld tins inln- 
ciice be made nitli rert.iuity, the net-biilb livgronieter is so fomnio 
dious that it would supersede all otbeis I shall place below a loi- 
mulii tor tins purpose, nhicli has lioen used lor sevei.il years in tin 
noith of Europe, and the s.ime as it h,is been leeenlly modidul 

'i The most simple mode of ascertaining the ahsolute qinintiti oi 
lapoiii in the <ni is to cool the air grndnoll}, .md note the degrei ol 
tnnpenituu' at whvdi it hcgitis to deposit nioistme, or ceases to.be 
rap.ible of snslaiiiing the whole quantih'of vaiwiir nludi it jiossesses 
The an js satunited nitil vapour for this iiartnnlai degit-e of tem- 
per, ituie, nliich is called its deu-pmnt 'riio .satui.iting r|uanti(y ol 
Vajioiir for the drgiee of temperature nidieutod ni,iy tlun be leaiiu il 
by reference to a table of the tension of the i.ipoui of n,ittr at difl'ei- 
eiit tempeiatuii's t Tt is the absolute (|uaiilit) ol vapour nlueli tlie 


* Th( liisl snf{£rc>lccl (Innilcsili C’himic, &. -M 

'■c'nc i p 'll), niid it-, ii,plK.ili()ii pirticiilirh ituiliul l)^ Hi K H Aiijjiist, iil 
Berlin {l'ir„r ill,- l'orh,h,U<- ,hn IsaO, ami Hi Appiha (nviliNijihiial 

. lU'i/iiio, ISSS &( ) To oliiam tin ftnsion ol \apoiii in tin at ino.,jiliLi o from ttic tnn 
t(ii4|fi.iliins (iWmit (li< tolloniiiK fonniila IS !.ni>n I>i I), \„sr,ia|, npr.],, |,nir soiin 

'111 sill i)J qii iiititir^ — 

0 oOb (f- I’) 

' r /, 

640- r 

«licrr / and i' arc the U mpcrntm-cii (rentiferadc) of (he dry mid vert thcnnoractus 
r the tins, on of I iiponr m air satumted at the tenipcralnrc h tlie height of the baroin. 
cr ami OtO — !' the latent h8al of aqucons r.iiH,m Some oE the nuracneiil data iii< 
Tiioililudln M Tltgmmlt. aiultlic formiiln becomes — 

* 0 439 [f- f) 

- - 


Or 


r.- 


610 — (' 
0 480 (/—/') 


h. 


,b 


616 — t 

almost perfect between the .-il 

11m St" ir™" foar-tenths salm-atedT Otliernis. 

Ibc fust eo (niicn (U29 is Irnst objectionable (Annalcs, &e xv pp 202 iiW 22b) 

t , able bv M Bepiault for tins purpose wdl be tnven m an Appendix 
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air at the time of the obsci-vatiou possesses Tlie dew -pomt m.i) In* 
ascertained most accurately by exposing iw the air a tliiii cup of mU ei 
or tin-pLate contdiiiing water so cold as to occasion the condeiisalion 
of dew upon the metallic surface, Tlic water in the cup is stirud 
w'lth the bulb of a small thermometer, lind as the teinpei.itiiH 
gradually rises, the degree is rioted at which tlic dew disappears from 
the surface of the vessel The tempeiatme at whuh this ocems ma\ 
be taken as the dew-point Water lAay gencr.illy bi' cooled sidli- 
ficntly in summer to ansivcr for an experiment of this kind b\ di-- 
solvirig pounded sal-ammoiiiac in it 

The dew -point may be observed much more quickly by means ol 
tlic elegant hjgroraeter of the late Mr Daincll * This iiistnimeiil 
(iree figure dS) eonsists of two gkiss balls, a and h, coiiiierted In a 
'^ihoii, and containing a (quantity of etlier, from which the air has 
been ox^iclled by the same means as in tlic cryophorus of J)i Al'^oll.is- 
ton (page 66) One of the arms of the syphon lube eontams a siniill 
llw'rmomctor, witli its seale, winch should be of wlnle enamel, I he 
Fig 43 bulb of tile thcrmoinetei descends into the ball, 

h, ut till' extremity of tins aim, and is pl.uid, 
,not m tlie centre of the ball, but as iitai as 
jKissiblc to some point of its tncimifeicncc A 
zone of this bcJl is gilt and bnrinslu’d, so th.il 
the deposition of dew imi} easily be pel celled 
upon it The other ball, a, is covered with 
muslin When an obseivation is to he inadi', 
this last ball IS moistened with elliei, which is 
supplied slowly by a drop oi tvvu at a lime It 
IS cooled by the evaporation of the iflur,»nn(I 
becomes caiiablc of condensing the vapour of tin 
included fluid, and thereby occasions I’v.ipoiatinn 
in the opposite ball, h, containing the thermo- 
meter The temperature of the ball, h, should 
be thus reduced in a gradual manner, so that the degree of the ther- 
inometsff at which dew begins to be deposited the mctalhc part of 
the surface of the ball may be observed w:tli precision The tem- 
perature of b being thereafter allowed to rise, the degree at which the 
dew disappears from As surface may likewise be noted It should not 
differ much from the temperature of the dc^ios^ion, and will probably 
give the dew-point more correctly, although, strictly speAing, tin 
mean between the two observations should be the true dcw-poiiit It 
* Donidl's McteorologiciU Essnjs, p 147 
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IS convenient to have a second thermorneter in the pillar of the 
instnimeiit, for observing tkc temperature of the air at the tune 
M Rcgnault proposes a modifietitionofl^aniell’s hygrometer, under 
the name of the Ooiidfn^o-hi/^toint’ttn , which appears to be the 
most perfect instrument 6f the class It consists of a thimble, a b c 
(figure 41')» silver, very thin, and perfectly pohshed, 1 8 

inch in depth, and 8-lOths of an inch in diameter, which is fitted 
Fio it Fig IS « tightly upon a glass tube. 


I I r c d, open at both ends 

The tube has a small late- 
ral tubulurc, t The uppci 
opening of the tube is 
closed by a cork, which is 
travelled by the stem ttf'Ti 
g very sensible therinometcr 

1 ' ^ oeeiipjiiig its axis, 'the 

I thermometer is 

1! in the centre of the silver 

1 n il thimble A verj thin ghuss 

U I I tube, y./, open at both ends, 

flri 111 (fl traverses the same eork, 

y| [ j if r ' I and dcscenrls to the bottom 

^ of the thimble Ether is 

poured into the tube as 
' high as m n, mid the tulni- 

c ig™ lure 1 1 S placed in commu 

r nicdtion by means of a 

^ I leaden tube with an aspi- 

rator jar six or eight pints 
in capacity, fiUed with 
jmt water The aspirator jar 

IS placed near the observer, 
while the condenser-hygrometer is kept as far from his person as is 
desirable 


On allowing water to*nm from the aspirator jar, ear enters by the , 
tube g f, passing bubble by bubble through the ethei^ which it cool? 
bycarrjmg away vapour; the refrigeration is 'the more rapid, the 
more freely the water is 'allowed to flow , and the whole mass of 
ether presents a sensibly uniform temperature, as it is bnskly agitated 
by the passage of the bubbles of air The temperature is sufficiently 

* Annnlcs, XV PI 2 
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lowered in leaa than a nHnute to determine an abundant deposit of 
dew The thermometer is then observed'tlirough a little telescope ; 
suppose that it is read off at 50® I'his temperature is evidently 
somewhat lower than what corresponds exactly to the air’s hninidity 
By closing the stopcock of the dspiratoi the Jiassage of air is stopped, 
the dew disappears m a few Seconds, and the thermometer again 
nses Suppose that it marks 52° this degiee is above the dew- 
point The stojicoek of the aspnator i-l thi'n ojieiied very shglitly, so 
as to determine the pissagc of a Miy small stieam ol air bubbles 
tlirough the ether If tlie tlicririoimtcr continues, no! h itlistaiiding, to 
rise, the stopc<ick is opened juitlwi, and the theimomcter brought 
down to 51° 8 bv shutting the stopcock sliglitU, if is easy to stop 
the falling range, and m<ike the Iheimomi'ler leiu.im stationary at 
51° 8 as long us is desiied 11 no dew foiins afrei the lapse of 
aTew' seconds, ife m evident that 51° 8 is liiglici than (lie dew'-pomt 
It 1 ^ brought dflt((|sta5l° C, and maintainrd thcie by legulaling tlie 
flow The iwetallio surfaee being now' observed to become dim after 
a lew seconds, it is concluded that 51° 0 is too low, while 51° 8 was 
too liigli A still gieatcr a^iproxiuialion even may be imulc, now 
finding whether 51° 7 is above or below the point of condeiisrilton 
These operations may^o cxccutiHl iii a very sliort tune, after a httle 
practice, three or foui mimitos being found snftlcicut, b} M llcg-’ 
nault, to deteiinine the dew-point to within ,ibont -r'„fli ot a degiee 
, Tahr A more coiisideiable f.dl of tcnipeiature may be obtained bj 
iiic.vns of this than tlie ongiiial Aistiument of Daniell, with the con- 
sumption of a much less ijuaiitily ot dher, indeed, tlnit hquid may 
be dispensed with entirely, and alcohol substituted fui it The ther- 
mometer, T, to observe the teinpciaturc of the air duiiiig the experi- 
ment, is placed m a second smiilai glass tube and tlumble a' V, also 
under the inhueuce of the aspirator, but containing no ether 

In evaporating by means of hot air, as in diyiiig goods in the ordi- 
nary bkaohers’ stove, wlucli is heated by flues from a fire earned 
•dong the floor, it should be kept in mind that a certain tune must 
elapse before air js saturated with humidity Mr Daiiicll has obsen'ed 
that a fe^ cubic inches of dry air continue to expand for an hour or 
*two, when exposed to water at the temperature of the air. At high 
temperatures, the diffusion of vapour into air is more rapid, but still 
it 18 not at all instantaneous. Hence, m si\ch » drying stove, means 
ought to be taken to repress gather than to promote the exit of the 
hot ait; otherwise a loss of heat will be occasioned by the ^ape of 
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the air, before it is saturated with humidity. The greatest advantage has 
been derived from closingisuch a stove os perfectly as possible at thp 
top, and only opening it alter the goods arc dned and about to be re- 
moved, in order to allow of a renew al ol the air m the chiunber between 
each operation In evft^or<iting water by heated air, the vapour itsclJ 
Carnes off exactly the same (piiiiitit/ of heat as if it were produced 
by boiling the water at 212°, while the air associated with it likewise 
requires to have its temjieriture raised, and therelorc occasions an 
additional coiisumphon of beat TIeiice water can never be evaiio- 
rated by air in a drying stove with so small an expenditure of fuel as 
in a close boiler. 

When bodies to be diicd do not ji-irt with tlicir moisture freely, 
but in a gradual manner, as is the ease with roots, and most organic 
substances, the liot air to diy them may be greatly economised a 
jiarticukr mode of .ipplying it, winch is piaetiscd m the madder- 

stove The pnnciplc ot this diy- 
ing stove IS lUustrrrted by the an- 
nexed figure. 111 wlucli a b repre- 
seulTatiglit chamber, having two 
opening-', one near the roof, by 
which hot air is admitted into the 
cliambei, and another at the bot- 
tom, by Aihich the air escapes into 
the tall chimney t The chamber • 
tioidaiiis a scries of stages, from 
the floor to the roof, on the lovvc-'t 
of w'lncli, sacks, half filled with 
% damp madder roots, aie fust placed in pioportion as tlie tooU 
diy, the bags are raised from stage to stage, till they arrive at the 
higliest stage, where they arc exposed to the air when hottest and 
most desiccating As the dned roots are removed from the top, 
new roots arc introduced below, and passed through in the same 
manner Here the diy and hot air, after taking all the moisture 
wduch the roots on the highest stage will part with, descends, and is 
still capable of aWtractiiig a second ciuantity of iiioistiire*from the 
roots on the next, and so on, as it proceeds, till it passes away into’ 
the clumpey absolutely saturated with moisture, after having reached 
the bottom of the chamljer. 
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It IS frequently an object to dry a 
small quantity of a substance most 
completely (sifch as an organic sub- 
stance for analysis) at some steady 
tcmperaturcj sucli as 212° This is 
effected \^ry conveniently by means of 
d little oven, (figure 17), consisting of 
d double box ot copper or tin-jihitc, 
about SIX inches square, nith nater 
between the casings, nhicli is kept in a 
stale of ebullition by means ol a gas 
flame, or sjiint lamji 

• NATO HE OF HEAT 

It 18 convenient to adopt the material theory of heat in coiisidenrig 
its accqjnulation in bodies, add in expressing quantities of heat and 
the relative capacities of bodies for heat Indeed, every thing relat- 
ing to the absorptioi^ of heat suggests the idea of its substantial 
existence, for heat, unlike hglit, is never extingmshcd when it falls 
upon a body, but is eithci reflected and may bo farther tiaced, or is 
absorbed and accumulated in the body, and m<iy again be derived 
from it without loss But tlie mechanical phenomena of licat, vi Inch 
resemble those of light, may be Explained nith equal if not gieater 
advantage by assuming an nndulatory theory of heat, corre^sponding 
with the imdiilatory theory of light A peculiar imponderable me- 
dium or ether is supposed to pervade all sp.ice, tlirougli wliieli iiiidu- 
latious are propagated that produce the imjnession of heat A hot 
radiant body is a body possessing the farulty to oiigui.itc or excite 
such undnlations m the ether or medium of heat, whieh spread on all 
sides around it, like the waves from a pebble thrown into still n ater 
Sound IS propagated by waves in this manner, but the medium in 
winch th^ are generally produced, or the usual vehicle of sound, is 
the air, and all the experiments on the reflection and concentration 
of* heat, by concave reflectois, may be mutated by means of sound 
Thus, if a watch instead of the lamp be placed m the focus of one of 
a pair of conjugate reflecting fturors ^fig p fll), the waves of air 
occasioned by its beatmg emaliate from the focus, strike against the 
®irror, and* are reflected from it, so as to break upon the face of the 
Opposite BBUTOT, are concentrated into its focus, and communicate 
the unpresaum of sound to ^ ear placed there to receive it The 
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transmission of heat from the focus of one mirror to tlie focus of 
the other may easily be <!bnceived to be the propagation of siitulat 
undulations tlirough anotlier and dillpreiit mccliuiu from air, but to- 
existing in the same sp.iee 

Til adopting tlie inati'inil theoiy of ho.ilj wc arc under the neces- 
sity of assnining tli.it theic .ne dilfeieut kinds of he.it, some of whuh 
are tapabh' of passiiit; tliiougli glas", sucli us the lu'at of the sun^ 
while otLeis, such as that* ladiating fiom the hand, are entirely 
intercept! (1 by gla''< But on Ibe ninbil.ilmy Ibeoij the dillVieiit 
piojicitKs of Inat ait iiAriid to dintiiiuis m the si/e of tlu 
wavesj as llio dilliieiices of eoloni aie ai-iounted for in light lle.it 
ol the liiglier dd'uis o( iii(eii'-it\, honeiei, adinits ol a kind of 
degi.id.ilioii, Ol (onieiMou lido luat ol knuT iiiliii'-itv, to which wt , 
liaie nothing jiar.ilh I in the ca-e of light 'I'lius when the ealoljlit 
lays of tlie’snii, wliicli ,nc ol tlielngliesl inienMly, pa«-- tJiiougli gi.iss, 
and strike a bkuk w.ill, they aie absorbed, .nnl .ippear iiinnodi.itcK 
afterMciids ladialing fioiu tlie heated w.ill, as beat ol low iiiteiisifAj 
and au no longei c.ijiablc ot passing flnongli glass it is ijs ^et .in 
uiisolx ed pioblem to levcrse the order ot tins cbarigo, and tonieit 
heat ot low into lioat ot high intensity 'liy* same degiadation el 
heat, Ol loss ot iiileiisity, is obsened ni condensing steam in distill.i- 
tioii Tlie wliolo heat of tlu* st<'ani, botli latent and sensible, is 
transfeiT! d without loss in that piociss, to pcrli.ips litteeii times as 
mueli condensing water, but the inleusity of the heat is redureJ’ 
from 212° to ]ieili.ips r.ilii* The licat i, not lost, for the 

filteen pails ol walcn at 100° .ne capable of uniting as much ice as 
the oiigmal steam But by no tpvautity of this heat at 100° c.iii 
fcoiperaturc be raised .ibove that degree no means aie known ot 
giving it intensity' 

If heat of low is ever changed into heat of high intensity, it is in 
the compression of gaseous bodies by mcchamcdl means Let steam 
of half the tension of the atmosphere, produced at ISO®, in a space 
otherwise v.icuous, be fcdnced into half its volume, by doubling the 
pressure upon it, and its temperature will nse to 2 1 2®. If the pre^- 
sine bo again doublei], the temperature will become 250®, and tlie 
^ole hitent heal ot the steam will now possess that high intensity' 
When air itself is rapidly compressed in a convnon syringe, we have a 
remarkable conversftn of heat Of low iJito heat of very high intensity 

It n^y be imagined that the devatim of temperature produced m 
the friction of hard bodies has a similar origin, that it results from 
the Mnversion of heat of low mtensity, winch the boiea rubbed 
together possess, into heat of high intensity. But it would be ncces- . 
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sHty fnithei to supposc*tliat a supply of lieat of low mtensity to the 
bodies rubbed can be endlessly kept up, by conduction or radiation, 
from contiguous bodies, ,is there is certainly no limit to the produc- 
tion of heat by means of frictiftii 

Count Euinford, by boring <i cjluider 6f cast iron, raised the 
temperature of scvcial poiindw of cold water to the boibng point 
Sir H Davy succeeded in melting two pieces of ice lu the vacuum of 
an ail -pump, by making tlicin mb .ig.unst each other, while the 
It mjierature of the air-puiiip itself and the sunoiuidiiig atiiiosphorc was 
heh)W' 3 ^° M Hahlot obsoived that when the surface o( the nibber 
lias rough, only halt a'^ much Imat .ipjieared as when the luhber was 
smooth Wlien the pressnic of the riibhei was (luadiiipled, the pro- 
portion of heat eiolvcd was incicased sescii told M'licii tlie rubbing 
ai’paratus was siinoiindcd by bad conductois of heat, or by 
iiTtp-e ondnctois of eU'ctiicity, the epumlity of beat evolved was 
diliifinslied * 

Afcoidiiig to I’letet, a piece of brass, nibbed with a piece of cedar 
ins'd, piodiieed irioie heat than when nibbid with another piece of 
ni(t,il,*aud the heat was sUH giealei when two pieces ot wouil wire 
nibbed (ogetlier lie also tiiids tliat solids alone plodiire heat by 
tnction, no lie, it appAis to arise horn the fiictioii ot one lujuid upon 
, mother h((uul, oi upon a solid, iioi by the tnetion of a euneut of an* 
01 gns upon a iKpnd oi solid 

One other jKiiutonly coniiefted with the nature of heat remains, to 
whuh theie is .it ]jresent occasioi»to allude — the e\istcacc ot a repul- 
sive properly in heat *811011 a lepulsive powci in heated bodies is 
nitericd to exist trom the appeaiance of extieme mobility winch 
many tine pow'deis assume, such as piecipil.ded sihia, on bi^ng 
heated iieaily to lediiess Piofessor Poibes also attiibutis to such 
a repulsion the vibiatioiis wdiichtake place bedween metals uncc[uaUy 
he.ited, and the production of tones, to which allusion has aheady 
been made But tins rejndbive iiowcr was iiiideud conspicuous, 
and even measurable, by Dr Baden Powiill, in the c.4se ol glass 
IciLses, of very slight convexity, pressed together On the apphea- 
tioii of Beat, a separation ot tlie glasses, through Vxlieinelv sm.ill but 
’ finite spaces, was indicated by a change in the tints winch ajipear 
between the lenses, and winch deyiend upon the thickness of the 
included plate of air This ftpulsion betw c^iii heated surtaces appears 
to be promoted by whatever tends to the more rapid communication 
of heat.t 

* l^icl\ol6on'a Joiirna], iiyi 30 


t Fill] Trans 1834, ]i 485 
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LIGHT 

« 

The mccliamcal properties of liglit constitute tlie science of optics, 
and belong, tlicreforc, to plijsics, nud not to 01100113117 But it may 
be useful, by a slioit recapitulation, to recal them to the memory of 
the reader 

1 The r,i3s of light emanate witli so great velocity from tlic sun, 
that they occupy onl> 71 ^ ininutcs m luversing the immense spajcc 
nlncli ‘>opaiates the caith fiom that liiminaiy They travel at tjfc 
iat( ol 102,500 iiiiUs 111 asecoiid, aiiduould, tlicrdoie, move through 
a space ctiual to the tircumft'n'iiec of oin globe in l- 8 th of a second 
Thej aie piojiagated contimully m straight Iniea, and spread or diverge 
at the same time, so tli.it thnr density diiiiimshes m tlic direct pro- 
portion of the s([U!ires of tlieir dishince fiom the sun lieiice, if the 
(Sirtli wcic at double its present distance frofii the sun, it would 
I'eceive only oiie-fourlli of the light , at three limes its present distance, 
one-miith, .it four times its picsent di^stancc, onc-sixtecnth, &c 

2 Wlien the sol.ir r.iys impmge upon .i body, tliey are rclieoted 
from its siufiice, and bound oil, as an cListic ball striking against the 
same siiihiic iii the s.iino direction uould do' or they arc absorbed 
by the bodyu])on ivliich they hdl, and dis.ippcar, being extinguished, 
or Ijjstly, they p,iss thiough the body, which 111 iliat case is transpa- 
rent or di.iplmuou 3 In the first case, the body becomes visible, 
appearing while, or of some particular colour, and we see it m the 
direction lu which the rays reach the eye In the second case, the 
body IS invisible, no light proceeding from it to the eye, or it appears 
black, if the surrounding objects are dlummated In the third case, 
it the body be absolutely transparent, it is mvisible, and we see 
through it the objedc from wluch the light was last reflected But 
light 18 often greatH affected m passing through transparent bodies. . 

3 , If light enter such media, of umform density, perpendicularly 
to their suihiee, its ibrecljon is not alteftd, but m passing obliquely 
out of one medium into another, it uniergoes a change of direction 
n the second medium be denser than the first, the ray of hght is 
bent, or refracted, nearer to the perpendicular, butm passing out 
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from a denser iido a rarer medium, it is refracted from the perpen- 
Fio iS dicular.» Tims, when the ray of 

light t, passing through the mr, 
falls obliquely upon a plate of glass 
at the poult a, instead of coiitmu- 
ing to move in the same straight 
line a h, it is bent towards the 
per[)rtHlicnltir at a, and proceeds 
in the direction a c Tlic ray is bent to the side on wliicli there is 
tlie greatest mass of glass On passing out from the glass into the 
,iif, a reicr medium, at the point r, the ray lias its direction again 
(hanged, and in this case y>«wi the perpeiiflicular, hut still toivaids 
1 lie mass ot glass The aTnonnt of rtfi.iction, generally speaking, is 
piopoi tioual to the denisity of a body, but tmubusliblc bodies possess 
alugliei •lefracting jiower tli.in coiresponds to their eleiisity Hence 
the fliamoiitl, rneked pliosphoi ns, naphtlia, nnel Indtogen gas, c\hibit 
tins eflect iqiou light in a greater degii'e tlian otbci transparent 
bodies J)r Wolla'iton li.id neeenirse to this re'liarting poweras atest 
of the jnirity ^ some siibstaiiees Tims, gi'umne oil of cloves bad a 
nlractiiig poiiei expresse'd by the nuinhei i5‘i5, while that of an 
impure spc'cimcn was^ot more than IdDS 

4 111 passing through many enstalh/ed bodies, sneli as Iceland* 
spai, a teitam portieni eif liglit is leftaedetl m the usual way, and 
riiintluT portion uneleigocs an cxtiaorelmai} rctiae,tion, in a jilaue 
parallel to the diagonal which joins tbe- twe) obtuse angles of the 
crystal Such bodies "aie said to njtnd Unnhhf, and exhibit a 
elouble image of any boely viewed tluough tlu-m 

5 licflcetcd and hkemise^ doubly relracteel light assume new* pro- 
jierties Common light, by being iclli'cleel fienn the siirlaee of glass, 
or any bright surface non-mctallic, is more or less of it eonverteel 
into what is called polmized liglit It it be idlecte'd at one parti- 
cular angle of incidence, 56° 45', it is «//< hanged into polarized 
light, and the further the angle of ictleetuvii deviates from 56°, on 
either side, the less is polan/ed, and the more remains common light 
50° IS tTie maximum iiolanzing angle tor glass’ij 52° 45' tor w'ater 
The light IS said to be poJai ized, Irom cerlain properties which it 
assumes, which seem to indicate that the lay, like a magnetic bar, has 
sides in winch reside peculiaf powcw Onp of^these new properties 
la, that when it falls upon a jccond glass plate, it is not reflected m 
the same way as common light. If the plane of the second ‘reflector 
IS perpeitdtculat to the first, and the ray fall at an angle of 50° it 
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IS not reHected at all, it vamshes , butif/iam/H it is entirely 
reflected. Polanzed light appears to possess some post extraor- 
dinary properties, in regard to vision, of usefid application It is said 
that a body wliicli is quite transpirenf to the eye, and which appears 
upon examination to he*as homogeneous in its structure as it is in its 
aspect, will yet exhibit, tinder polahzed light, the most exquisite 
organization As .in example of the utility of this agent in exploniig 
miTicrdl, vegetable, and amrafil stiutlurcs. Sir D Brewster refers to 
the cxtraordiiuiry structiire of tlic miner.ils .qioplivllite and aiialcime , 
to tlie sjmmetneril anil figurate disjiositioii of silueoiis crystals m the 
epidermis of equisd.iceous jdant'^, and 1o tlie vunideifid vanations of 
deii'^dy in <he crystalline lenses, and the mtegnments of the eyes of 
animals, which polari/cd light reiuleis visible * 

6 Decunipimtion oj lujlit ‘When a be.im of light from the sun 
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13 admitted into a dcirk room, b\ a sinsdl aperture t in a window- 
shutter, anil IS niteicepted iii its passage by a wedge or solid angle of 
glass ft b (, it IS j( fiackd as it enters, and a, second lime as it issues 
fiom the glass, and instead of forming a round spot of white light, 
.is it iionld li.ivT dune if allowed to proceed ni its onginal chrcc- 
tion ) t, it illiimiiiates with several colours an oblong spare ot a white 
call! e /, propcilv placed to receive it The solid wedge of glass is 
called a pnsin, and the oblong coloured image on the card, the solar 
spectrum IVewton eouiitcd seven bands ot different colours in the 
spectrum, which, as thqy succeed each other from the upper part of 
the spectrum represented in the figure, .ire violet, indigo, blue, green, 
yellow, oiaiige, and/'ed The beam of light adnutted by the%perturc 
in the window-slmtler ‘has been sep.Trated in passing through tl|p ’ 
pnsm into rajs of difleiciit colours, and tlus separation obviously 
depends upon the rsij s being UB.equaUji refrangible. The blue rays 
are more considerably reftacted or deflected out of their course, m 
passing fSirougli the glass, than the yellow rays, and the jjpllow rays 

• Beports of the Britwh AssotiKtion \ol i Rciwl Opliia, hy Sir it lirtwblei 
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than the red. Hence tSie violet end is spoken of as the most refran- 
gible, and the red as the least rcfrangibleicnd of the spectrum 

The coloured bands of the spectrum differ m width, and are sliadcd 
into each other , and it 1*^ ndt to be supposed that there are really 
rays of seven different colours Sir D Bn!wster has established, m 
his analysis of solar light, that there are rays of tliree colours only, 
bine, yellow, and red, which were well know n to artists to be the 
thn'C primary colours of nliuh all others arc compounded 

A certain qucuitily of white light, and a portion of each of the 
prjm.iry rays, mjy be found at every point from tlic top to tlic bottom 
of the speetriim Hut eadi of the piimary rays pierlomiiiatcs at a 
particul.ir part of the sjiectriim Tins point i*., tor tin' blue rays, 
near the top of the sjjcctrum, tor the yellow rays, somewhat below 
the middle , and for the red rays, near the bottom of the spectrum 
ftenee, •tliere exist rays of each colour of every degree of rofiaiigi- 
bilify , but the great pioportioii of the yellow imvs is more refrangible 

tluii the red, aiul the great pioportiou ol' 
tVe blue moie refrangible than either the 
yellow or red The compound spectrum 
which we observe is m fact produced by 
the superposition ot three simple spectra, 
a blue, a yellow, and a red spertrum 
'L’lie distnbutioii of the rays m each ot 
these siraiile spectra is rcpiesentcd by the 
shadwig in tlie annexed figures Of the 
seven dilfeieiit coloured bauds into which 
Newton divided the spettium, not one is a 
pure colour The orange i** prodiued b\ a xiredoimii.iiKC of, the 
yellow and red rays , the green, by the yellow niul blue rays, and the 
indigo and violet are esseuli<dly blue, with diffeKiif propoitions of 
red and yellow * 

By placing a second pnsm a d c, in a reversed position, m contact 
with the first prism, the colours disappear, and we have a spot of 
’.vhite light, as if both pnsms were absent The three coloured rays 
of the ^ectrum, therefore, pioclucc white light by their muon 
• On examimng the solar spectrum. Dr 'thoinas Young observed 
that it is crossed by several dark lines , tliat is, that there are interrup- 
tions in the spectrum, wiiere there is , no idight of <iny colour 

• Sit David Brewster, On a New Analysis of ibe Solar Light, indicating tlj^c pnniaiyr 
colours, foming rainrident spectra of equal length Bdinbiirgh Phil Trans vol in 
P 123 
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Fraunliofer subsequently found that the hilles in the spectrum of 
solar light were much more numerous than Dr. Young had imagined, 
while the spectrum of artvfictal white flames contains all the rays 
which are thus wanting One of the inost notable is a double dark 
Ime m the yeUow, wlucll occurs in the liglit of the sun, moon, and 
planets. In the light of the fixed stars, Synus and Castor, the same 
double line does not occur , but one conspicuous dark line in the 
yellow, and t\io m the blue »The spectrum of Pollux, on the con- 
trary, is the same as tliaf of the sun Now a very recent discovery 
of Sir D. Brewster has given these observations an entirely chemical 
character Ho lias found tliat the ulntc light of ordinary flames 
requires merely to be sent tin ougb a certain gaseous medium (nitrous 
acid vapour) to acquire more Ihaii a thousund dark lines m its 
S2)cctrum He is hence led to infer that it is tlie presence of certani 
gases m the atrnosplierc of the sun uliich occaMons the observed 
deficiencies in the solar sjiLCtrum We inay thus have it yet in bur 
power to study the nature of the combustion nlncli lights up the 
suns of other sy«tcins Dr Millei, b}' '>iiij]ecting the spretmm to the 
ubsoiqitive influences of chlonnc, iodine, bioiniiie, porchloridc of 
niaiigaficsc, and oilier coloured \apours, bi ought into view niiincrous 
d.itk bands not jircvumsly observed The spectra of coloured floiucs 
•vvtrc also marked by jioculiar lines 


The rays of henl aie di>tnbutctl vciy unequally throughout the 
luminous spectrum, most heat being found associated with the red 
or least nlrangiblo luminous r.ijs, <ind least with the violet rays 
Indeed, when the solar beam is decomposed by a pnsm of a lugljy 
diathermanous mateiial, sucli as rock salt, the rays of heat arc found 
to extend, and to have tlieir point of inaximum intensity considcr- 
ablv beyond flic Msible spectrum, on tlie side of the red ray Hence 
although tliere are ealonfic rays of all degrees of refrangibility, tlio 
great proportion of them arc even less refrangible than the least 
refrangible luinmous rays It is to be obseived that the least refrangi- 
le rays arc absorbed m gKatest propoition in passing through bodies 
winch arc not highly diathermanous; such as crown-glass, and 

hubstanocs, allowing only the more 
^ c ra^s of heat to pass, give a spectrum which is hottest m* 
the red, or poihaps even in tlie ycUou n.y, and possesses httle or no 
heat beyond itie botdw of ^he Tea.ray *he incijunlity m refrangibi- 

^ ^ IS decisive ot ;lie 

^ they arc peculiar rays, that can he separated, although 
associated together m the sunbeam. Indeed, Mellom finds that light 
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from both solar and tenbstnal sources is divested of all heat by pass- 
ing successively through water, and a gbss-coloured green by oxide 
of copper, bemg incapable as it issues from these media of affectmg 
the most dehcate thcrmoscope ‘ 

The hght of the sun is capable of inducing certain cheimcal 
clianges which depend neither upon its luminous nor calorific rays, 
but upon the presence of what arc called chemical rays Thus, 
under the influence of hght, cldonne gus is capable of decomposing 
water, combining with its hjdrogen, and hberating oxygenj the 
chlorine m the freshly precipitated chloride of silver appears to be 
liberated, and tlie colour of the salt changes from white to black from 
llie formation of a subclilonde Photographic impressions are obtained 
on paper by means of tins and other salts of silver, particularly the 
bromide and iodide, which arc still more sensitive to light A 
jinhslied "plate of silver, covered with the thinnest film of iodide, is em- 
ploVhd to receive the image in the daguerreotype The moist chloride 
ot silver is daikened more rapidly by the violet tlian by the red rays 
of t!ie spectrum, but this change is produced upon it even when ear- 
ned a Tittle way out of the visible spectrum on the side of the violet 
ray. The rajs found in that sd nation arc, therefore, more refran- 
gible than any other Tcind of rajs in the spectrum Their characte- 
ristic effect is to promote tliose cheimcal di’compositions m winch 
oxygen IS withdrawn! from w ater and other oxides , and hence they are 
sometimes named dc-umdizuiy rajs These rays were likewise sup- 
posed to communicate magnetism to steel needles exposed to them ; 
but this opinion is no longer tenable 
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CHAFCEB III 

Section I 


CnEMlCAL NOJILNCTATUIIE AND NOIATION 

€ 

Theme are fifty-iiine substdiicob at present known, wliitli are siinpk*^ 
or coutAin one kind ot matter only Tlieir iirimes arc given in tlic 
following table, togetlm iiitli (ort.im usefiJ numbers which express 
the quantities by iieiglil, according to which the different elements 
fonibme with each other The lettiT or s^mibol annexed to the name 
IS employed to Teprc^dit these partiful.ir quantities of the elements, 
or the chemical equivalents 

TABLE OE ELE31EKTABY SEBSTANCJES, 

XViin nil in CiiiaicAL EaLivAi i ms 
*„* For the autbonltes for the numbers in this tuhle, set note ul 1 10 


• 1 


1 quivalente 


Ndinf s of * 
KleiiiciiU 

SyinboU 

«= 1 

O\y-.100 

It^lSS 





• 

f Al^ 0„ uliiimiiii 

Aluiuinuin 

aM 

1J09 

171 17 

< Al|, f'ij^ cblomlu of nlmniiiuni 
(.Alj Oj, 3St>,,sul|))uleoi alumina 

AntiirKiiiy 

^htiluum) 

Sb 

129 03 

1612 90 

( SbOg, uxkIi of uiitiiiiony 

ISbOj, vnlimonir ami 

AALniL 

As 

75 

937 50 

r Vt>0,, ar'tiuiuiM acid 

1 AM a, arsomo aud 

Biinum 

13o 

Ob Cl 

858 01 

1 Bad, baryta 

1 BaCl, chlonde of burinin 
fBiO oxide of bismuth 

Dmiiiulh 

Bi 

70 95 

886 92 

< BiO, NOb, nilratL at bismuth 
(. Bit'], chlonde ot bisinuLh 

Buiun 

B 

l(i90 

13() 20 

t BOb, bom or borarit amd 

1. Bl'l,, llitobonc ,icid 

Itruunne 

Br 

78 26 

978 30 

( BrOg, bromic oeid 

1. Bril, hydrobixmbe aad » 

C'adimum 

ca 

5,’} 74 

698 77 

( Clio, oxide of cadmium [mium 

1 Cilb, Bulpbule or anlnburet of cad- • 

Culcium 

Cu 

20 

25000 

f CaO, lime 

1. CqCI, chlonde of calcium 
f tiPt carbonic oxide 

Carbon 

• 

c 

■1 

fa 00 

< COg, carbonic oud 

v.08g, sulphide or sulphuret of carbon 

■ 
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Equivalents 

Names of ymbols Ilydrof'enlOxy =<100 
Fleioents 1 11 — 12 5 


Ccniim 

Cc 

46 

575 

• 

Chlonnc 

Cl 

35 50 

113 7 

Chromium 

Cr 

2815 

351 82 ' 
1 

Cuhnlt 

Co 

29 32 

1 

368 90 1 

Copper 

Cu 

31 66 

395 70 

(Cuprum) 



Didymmm 




a 

Bliionne* 

F 

18 70 

233 bO 

• 

Glucinurn 

G1 

26 50 

331 20 

Cfild (liiriim) 

Au 

98 Jd 

1229 16 

Iljdrogcu 

11 

1 

12 50 

Iodine 

I 

126 36 

1379 50 

Indium 

Ir 

98 63 

1233 50 

Iron (Fermm) 

Fe 

28 

350 00 

Lniithnnum 

Ln 

48 

6Q0 

Lead 

Pb 

163 56 

1294 60 

(Plumbum) 



Litliiiiin 

la 

6 13 

80 37 

ATxgncsium 

Mg 

12 67 

158 35 

Manganese 

Mn 

27 67 

345 90 

Alerciny (Hy 

Hg 

100 07 

1260 9 

drargyrmn) 



Mulybdanum 

Mo 

47 88 

598 62 

Nielcci 

Ni 

29 57 

369 68 

Niobium 




Nitrogen or 
azote 

N (or 
Az) 


175 00 

Osmium 

Os 

99 56 

1244 49 


111 , ll>llll 

((lOj, tJlK 

JCrijOa, sfs 

KCr/)„ !)! 


^ CcO, oxide of (.1 until 
t CcjOj, SI tqiiiuviilL of einiiin 
C CIO 3, lllloML dl 111 
j ( lO, pcrLliIiiLic mil 
(^('111, llJlIlUlllloill dllll 

' lOllllC 111 111 

srsquiiixiili of diroiniiiin 
^ DbO,, suI|llMt( of iliio- 
f CiiO, oxiiic ol uib lit [imum 

tCojOj, sisqiiiovitli. ufiobdll 
'CujO, milioMili’ lit lopiiir 
CuO, oxiili ol uijipii 
CuO, SOg, sulpli lit of cojqici 


f HF, liviliolluiini ill id 
UF , lliiohoi u iLid 
f flljOj gliii Ilia 
i CljC'lg, iliIoiiiJi of gliiumini 
f AuaO, uxidi of gold 
i AlljO , stsqiiioMilL of gold 
f HO, unttr 

1 110_, bviioxiile ol liyikogtii 
f lO, loJic w id 
I III, hydiiDilii atiil 
( IrO, piuloMili o( iinlinm 
I Ir^Ug, bLsqiiiu\idu ol iinliiiitl 
r I'cO, protoxide of non 
j I'c^Og, stsqiiioxidi. of non 
J FcgOj, 3tSOj, sidpUdto of scsqiu- 
V. ovido ol noil 

LnO, oxide of Inntliaiiuiii 
1 FbO, oxide ol lead 
i VU( 1, ililoiide ol Icid 

f LiO, oxide ol litliiiiiii 
LiPl, rliloi ide of lilbiiiiii 
f AlgO, in,igni,sn ^ 

'MsiCi, Lhlondc of magnesmni 
f AliiO, (irotoMilc of iiiiiitgiiiiesL 
iMiiOj, biiioxidu lit ni.iitgmii'ic 
j MuOj, mangiiijiL iiiid 
(.AlugO,, pti inaugtmir and 
PHggC, suljoxide (blaik uxido) 
j HgO, oxide (red oxide) 
y 11 ^ 2 ^ 1 , siibi liloridc (ealiniitl) 

V. HgCl, ehloniJe (siibliiiiate) 

AlOg, inclybmc acid 
f NiO, protoxide of nickel 
i NigO,^ scsquiuxidc of iiiekiil 


175 00 I NO^ bmoxidc of nitrogen 
1 NHg, BinmoniB 
OsOg, osnuc acid ' 
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Equivalents 


Nsmesof 

Elements 

Isymbola' Hydrogen lOxy » 100 
III ==12 5 

Oxygen 

0 


100 00 

Palladium 

Felo]iium 

Pd 

S3 27 

COS 90 

Phosphorua 

Ph 

32 02 

400 3 

Platmnm 

Pt 

28 68 

1233 50 

Potassium 

K 

30 00 

487 50 

(Kahum) 


Rliodium 

R 

S2 11 

651 39 

Kuthemum 

Ru 

5211 

651 39 

Sclomum 

Se 

30 67 

494 58 

Sihciiun 

Si 

21 35 

266 82 

Silver 

Ag 

108 00 

1350 00 

(Argentum) 



So^nm 

(Natrouum) 

Na 

22 07 

287 17 

Strontium 

Sr 

43 84 

548 02 

Snlphur 

S 

10 

200 00 

Tantalum or 
Columbium 

Ta 

02 30 

1133 72 

TeUunum 

Te 

66 14 

80176 

Thonum 

Th 

60 69 

744 90 

s 

Till (Stannum) 

Sn 

58 82 

735 29 

Thtanium 

Ti 

24 29 

303 66 

T^ingsten 

(Wolfram) 

W 

04 04 

1183 00 

Uranium 

u 

GO 

760 

Vaiiiubnm 

V 

68 55 

856 89 

Yttnum 

Y 

32 20 

402 51 

Zmo ^ 

Zn 

32 52 

406 59 

Zircomiun 

Zr 

33 62 

420 20 


•( PdO, protoxide of pHUndiiim 
^ IMOg, peroxide of polladiiuu 


fPliOj, phoiphonc acid 
5 PliOj, phosphorous ncid 
tPliIlsi pJiosjihn retted hydrogen 
f Pit), ])ri)toxide of platinum 
^ J'tOj, hiiioxidc of platinum 
( K( ), potash 

( KClj i Monde of potoHsinm 
f no, protoxide of ihodmm 
(, HjiOa, scsqmoxidc of rhodimn 
ttil^Oj, sesqiuovide of nithciiiiini 
f ScOg, selemc acid 
t Sell, hvlrosclciiie acid 
( SiOg, siheie acid, or ulicn 
( SiK „ lliiosihcip neid 
f AgO, oxide of silver 
t Agf'l, (hhiiiilL of silver 
( VaO, soda 

(. Nnlll, chlondc of sodium 
f SrO, strontium 
I SrCl, chloi ide of strontium 
C SOg, suIpVunc arid 
( SH, hydrosulphune acid 
f 'faO, oxide of tantalum 
^ TaOg, t intahe acid 
f TcOj, tcllurii Hcid 
f Tell, hvilrottllimc acid 
f ThO, oxide of thonum 
I'lhCl, (Monde of thonmn 

{ SuO, piotoxide of tin 
SuOj, biTioxide of tin 
f TiO^, titanie acid 
Vl'if'lii, hiildondo of titanuim 


IVOa, tungstic acid ;Teligot) 
LO, oxide of uranium (urunc ot 
TlaOg, uranic acid 
Vo 3, inuHdir acid 
YO, yttna 

I Cl, chloride of yttnum 
^nO, oxide of ziur 
KiiCl, chlonde of zmo 
ZrgOg, zircunia 
ZrgC],, chlonde of zucomiim 


*•* numbers in the preceding table are, with. Bcvenl exceptions, those of Berzdnis 
The eqmviilcnt of carbon hag lately been rctluccd, witjthe gentral concurrence of chemists, 
from 76 44, on the oxygen sealed to 75. Sud hydrogen made 12 5 exactly, (ihiefly from 
the Bxpenmonta of M Diimaa on the ooiiibustion%f carbon and hydrogen gas by means 
of oxygen and oxide of copper, in hia refined arrangement for organic analysis (Ann de 
Chimie, 1 fi) For mtrogen, M PelouM obtained, by two analyses of sel-sBynmuac, the 
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pnrnlim 17li B8 and 174 78 , ^ Mongnac obtained for the aamc clemciLt the number 
175 26, from the anal 78 ig of nitrate of Bilver . and Dr,T Auderson haa been led to nearly 
the same leault, hy an analyais of the nitrate of lend These residts permit the adoption 
of 175 as the equivalent of nitrogen the old number naa 177 04 

The equivalents of eblonne, pot,is8iuin, and silver, the most fundamental numbers m 
the table, whieh lucre delermiriLd by llcnehiis with r(‘inSrlc.ible precision, luivc received 
small comctiona from M Afangnac Seven eipcnmeiits were miide by the latter chemist 
on the decomposition of chlorate of potash fiy heat, in eoib of which from 800 to 1100 
grains of the salt were cmplcqid, which gave hipi from 30 155 to 3') 107 per cent of 
oxygen, he adopts 30 161, the aetuol result of two cxpi nnicnts Derzchus had obtained, 
thirty years before, 39 15 Peloiizc has also obhiincil identically the Siime result (Pog- 
gendorff's Annolen, Ivm 171) On the other hand, 100 parts ot silver required for pre- 
iipitation from soluium of nitrate, 00 002 itarts of cbloiulc of potassium (moan of six 
c Yjicrmicala) , the moximniu was 09 067, and the inmimum 60 019, while the preci- 
pitated chloride of silver amounted afler fusion to 132 84 parts, as Ihi mean of live 
ivpcnments, of which the nuyimuni was 132 814, and the inmiiniun 132 825 parts 
(Monguac) These experiments, from whnb the cquivabnls arc deduced, ohtnm the 
unquahhed^ i^probatiun of Bcr/ilius, who gives the numbers reduced to niaemun as 
they appear below (Rapjiort AnuucI sur le Progru dc la rinime, par J Berzelius, 
Pans, 1345, p 32) 


Chlorine 
• Potoasium 
Silver 


Manguac Berzelius (old mmihers ) 
443 20 412 6 > 

488 04 489 02 

1349 01 1331 61 


Finally, M Maumene hoe investigated the same three important equivalents, decom- 
posing the chlorate of potash by heat, and by guarding against cirtnin minute sources of 
inaccuracy, raising the proportion of oxygen from 100 salt to 39 209 , also decomposing 
the fused chloride of silver by hydrogen gas, and aualyriiig the oxalate ond acetate of 
silver The experiments of this chemist appear to be executed with a dcgi-ec of exactness 
which can scarcely be exceeded, and lead to conclusions of the highest interest, ns they 
give numbers which approach so closely *to miillqilcs of 6 25, the half equivalent of 
hydrogen, that the diffcrciiccs'may bo safely considered as falling within the unavoidable 
errors of observation, and the multiple numbers ossunicd as the true numbers for the 
tlirec equivalents in question, (Annoles, &o ISiO, ivni 41 ) Tlie residts are — 


Chlonne 

Potassium 

Silver 


Mnnmcne 
413 669 
487 001 
1350 322 


Midfiplo Niniibers 
4U 7'> = 6 25 X 71 
487 50 - " X 78 

1330 00 = “ X 216 


The followiiig short table cantams numbers lately obtained by M Pclouze, for several 
elements, differing sensibly from the numbers of Bcr/eRiis, for which they arc substi- 
tuted, and mnlti^es tff 6 26, to which they bU closely approximate 



Berzelius 

Felouze 

Multiples of 6 25 

Sodium 

290 90 

287 17 

287 50 = C 23 X 

46 

Baniim 

856 88 

858 03 

866 23 = “ X 

137 

Strontium 

64729 

. 648 02 

660 00 X 

88 

Sihciiun 

277 29 

: 266 8S? 

268 7? = “ X 

43 

Phos^rua 

392 20 

>400 30 

400 00 > “ X 

64 

Aesemc 

940 08 

937 50 

937 50 = “ X 

160 


The eqmvaumt of sodium was determined from the quantity of iddonde of sodium required 
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to precipitate 200 parts of silver fi-om the uitmtc IlRnum, stToutmin. aiRciam, piles, 
phoras, and arseuiL, in a sun ilur^ manner, nlsn the qimutity of silver wbich tlieii 
chlorides precipitated ' 

The equivalent of ciltiiiin is t iktii at iiftei Dnmaa, MM Erdiiinnn and 

Marchanil liui. eoiifirnicd tins pijuivalent, Bei/tlins himself icdiices his first nnpibcr 
from 250 02 to 251 U4 bTilphiir iiiiil nieieiny are also ifLcr Erdmann and 
March nid, Jlu/ehns his, on in-akuUtuighn. oldicsulte, icdiiicd tlie nuiiib(.r for sulphur 
from 201 17 fci 200 8 

The cquiv.iUnl lit non was lalili ^uiiid 310 80 bi MM Snaiibcrg and Norhn, and 
tbcir nsulls iDiifiimcd b\ llii/dm-., who iiovv oblains “"lO 27 and 350 369 (instead of 
339 21, tbe old upnviilLiit) an inliimeili,ile iiiiiubu 350 is adopted in tbc table 

Tbi niiinbii foi /mi is lh.it ol M Avd Eidiuanu, nho took uiiusu.d pams in purifviiig 
tbc mdal ills 112 (i { sk oiiling to M hViii, and dll u i oi ding to M J.itquelmii, tlu, 
nnrnbir of llij/diiis is 40 3 23 

Till, uniiibcr for iiriiiiiim is th.it adojitul bv M Pdigot, it h.is betii found 746 36 by 
M M'tHbciiii, and 712 S7j bv Ebibiiin 

Ihc iiuinbol loi gold is Ih.it l.ddv duliutil by' llii/dins irom iin iin.ilism ol |he double 
chlonde ol gold and pot i^siuiii (I’oggcinloifl s \iiiiiltn, Ki 3111, il nplaie^ his liiri»f 
numliLr 1243 01 niosc of (iiiiiiii ,inil riitbiiinuii .uc by TIirm.mu (Aiinu.iiic dc fliimii, 
18 35, p 130) AI Esiimicl-lKig his udopltd fm tlu fmimr inctiil 574 7, ai'il M 
llcringer 577 , the muiihir of M Iknnanu is iiilumedi.ile Itiitlioimmi, the niM ludiil 
from nativL pl.iliiuiiii, is (ousidiudhy its disiuiiui!, I’lol If.nis, to be isomoiphous «ilh, 
and to Live the ssme equivalent is, rhmlimn, from the (ompo.ition ut the douRu. scsqni 
chlnndc of riitbenuiTn and potnssnuii, 2K('l + Jtii^ I'lj 

No data cvistfoi living thi eqimalcntsof thi mdalbc elements lately discovered, whost 
n.imea .ippcai m the table, iiamtlv , ilidymniiii finmihiith lanlhamiiii lurciile (Mos.iiider), 
liiobiuni and pclujmmi lu till t.niUdik of llavaiui (II llusi) 


111 tlie class of simfilc sul)st.inccs aio placed till those bodies nhicli 
arc not kiioMii to be compoinul, on tbe priiuTplc tliut Mh.it(‘vrr can- 
not be decoinjKiscd oi ii solved by .iny piocess ol clieiinstry into olliiT 
kinds of matter, n, to be considered as simple They arc the oub 
bodies tlic iiainis ol nliicb are atpri'scnt indejieiideut of atiy rule 
Ai» attempt Mas, indeed, made on the fust mtrodnction of a syste- 
matic nomeiulatiire, to make the names of several of them aignifU 
cant, but some contusion m legard to their derivatives was found to 
e the consequence of this, and many of them being familiar siib- 
s antes, were almost of necessity allowed to rctom the names they 
bm m common language onch as, sulphur, tin, silver, and the 
lor 313 e A s nown m the arts To newly discovered elenieats, how- 
ever, such names w-cre applied as weie suggested by any strSmgiihy- 
sic propeity t ley possessed, or remarkable circumstance in tlietr 
^tory The names of the newer metals, platinum, potassium, vaiia- 
ium, &c , have a cSmmfm tendination: which serves to distinguish 
them a, metals. Another class of Aemcntary bodies, resembhng 
each other in certain particulars, is marked in a simil* manner, 
namely, that composed of chlonnf, iodine, bromine, and flufcnne 
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0^ compSund bodies are contrived to express their 
cimipofiition^ a&d the class to which they belong, and are founded on 
a distribution of compounds into three orders, namdy, first, com- 
jKiunds of one dement with another element, as, for instance, oxy- 
gen with sulphur in sulphuric acid, or (?xygen with sodium in 
8oda^ which are called binai^ compounds Secondly, combina- 
tions of binary compounds with each other, as of sulphnnc acid 
with soda in Glauber’s salt, and the salts generally, nhich are 
termed ternary compoiiuds And thirdly, combinations of salts 
with one another, or double salt«, such as alum, which are quaternary 
compounds 

1 — Of the compounds of the first order, the greater number 
known to the original framers of the chemical nomenclature coii- 
taiiied oxygen as one of tlieir two constituents , and hence an exclu- 
snc-impoftaiice wiy|l^ttaclied to that element Its compounds with 
tlie other clemcntaijjjiodics may be divided from their properties into 
(rt) klie class of neutral bodies and bases , and (b) the class of acids. 

(or), '^o members of the fir3t class the generic term ot tde Mas ap- 
plied, the first syllable of oxygen, Mith a teniiination [tde) indica- 
tup of combination, ^to which the name of the other clement was 
joined to express the specific compound Tims a compound of oxy- _ 
gen and hydrogen is oJi ide of hydroyen , of oxygen and potassium, 
oiidc of potassium, of M'liich compounds, the fiist, or Mater, is an 
•instance of a ncutial oxide, and the second, or potash, of a base 
or alkaline oxide But the samfi elementary body often combines 
Mith oxygen in more than one proportion, forming two or more 
oxides, to distinguish wlucli the Greek prefix {pi oto, wpiiroc, first) is 
applied to the oxide containiiig the leash proportion of oxygon, deitio 
(^furepof, second) to the oxide contaimng more oxj gen than tlic pro- 
toxide , and tnto (rptroc, third) to the oxide rontaining still more 
oxygen than the dentnxidc, which last oxide, if it contains the 
largest proportion of oxygen with winch the clement ran unite to 
form an oxide, is more commonly named the ^ejojrirfe , from/>pi, the 
1-ntitt parade of intensity Thus, the three compounds of the metal 
inaiigaueee and oxygen are distinguished as follows ' 



Composition 

Nemea . 

Manganese' 

Oxygen 

Protoxide of nuiDgenew 

109 

28 0] 

Deutoxide of manganeae 

100 

43 36 

l^enmde of manganese 

100 

57 82 


As the prefix per implies simply the highest degree of oxidation. 
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it my be applied to the second oxide where there are only two, as in 
the oxides of iron, the scbond oxide of which is calLe^ indifferently, 
the deutoxide or ]}eroxide of iron M. Thenard, in his Traits de 
Chimie, avoids tliu use of the tcrdi deutoxide, and confines the 
application of peroxide to such of these oxides as, like the peiroxide 
of manganese, do not combine witK acids He applies the oampg 
seaqmuatde and hiuoxtde to oxides, winch are capable of combining 
with acids, and contain respectively, once and a half and twice as 
much oxygen as the protoxides of the same metal. He has thus the 
protoxide, sesquioxidc, and peroxide of manganese, the protoxide 
and sesquioxidc of iron, the protoxide and bmoxide of tin, &c. This 
distinction is useful, and will be adopted m the present work 
Certain inferior oxides, winch do not combine with acids, are 
called Bvhoaulea, snrli as the suboxidc of lead, wluch contains less 
oxygen than the oxide distinguished as the pijitoxidc of* the same 
metal 

The compounds of chlorine and several otluT elements are distin- 
guished in the same inaiiuer as the oxfdcs Such elements Resemble 
oxygen m several respects, particularly in the manner in which thuir 
compounds arc decomposed by electricity ^’lilorme, for example, 
like oxygen, proceeds to tlio positive pole, and is therefore classed 
with owgen as an electro-negative substance, in a division of ele- 
ments grounded on then electrical relations Thus, with tlie oilier 
elementary bodies. 


Oxygon foms 

Clilonuc •• 

Uronuiic " 

lodiim » 

Kuorine •• 

Snljihur '• 

FLosphoros “ 

Cnrbou “ 

Nitrogen '• 

Hydrogen ^ " 

Cynnogen (N C,) “ 

Sulpbion (S O J •• 


OMilOB, 

» 

rlilundeB, 

bromides, 

iodides, 

fluondcs, 

sulphides (or sulphnretB), 

phosphides (or phosphnicts), 

carbides (or carbuiets), 

mtndes, 

bydndes, 

cyanides, 

sulphiooM 


As cyanogen and suiphion, although compotinJ bodies, comport 
themselves in their eombmations like electro-negative elements, thW 
compounds are named ip the sq,me manner as* the oxides. 

When several chlondes of the sa^pe metal exist, they are distin- 
guished by the same minjerical pr^es as the oxides. Thus we 
have the protochlonde and the aesquichlonde of iron; the protodilo- 
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nd^ the btchlonde of hn The compounds of sulphur greatly 
resemble the oxides, but they have been generally named sulphurets, 
and not sulphides or sulphnndes Berzelius, indeed, applies the 
term sulphurct to such binary compounds of sulphur only as are basic 
or correspond with basic oxides , while sul^iide is applied by him 
to such as are acid, or correspond with acid oxides Hence, he has 
the auljthuret of jjotnisium, and the Hulphidc of arsenic and sul- 
phide of carbon Compounds of chlonnc are distinguished by him 
into chlorurets and chlorides, on the same pnnciple , thus he speaks 
of tlie cMoiuret of potasumUy and oiiiht chlonde of phosphorus 
But these distinctions have not served any irapoitant purpose, while 
besides conducing to perspicuity it is an object of some consequence 
m a systematic point of view to allow the termination tde, already 
restricted to eleclro-negativc substances, to apply to all of them with- 
out -exceplion 

Tlic combinations of metalhc elements among tlii'mselves arc dis- 
tiiiglii‘*hed by the general term alloi/'., and tliose of mercury as 
anioifjajfis ' 

(i) The binary compounds of oxygen which possess acid propei'ties 
arc named^on a diUcrept pnnciple Thus the acid compound of tita- 
nium and oxygen is called Manic and , of chromium and oxygen, 
chtonlic acid, or the name of the acid is denved from that of the sub- 
stance in combination with oxygen, with the termination tc Where the 
same element was known to fonn two acid compounds mtli oxygen, the 
termination ous was applied to that which contained the least propor- 
tion of oxygen, as in siilphiitoifs and sulphuiic aeids On tlie dis- 
covery of an acid compound of sulphur which contained less oxygen 
than that already named sulpliurons acid, it was called hyposulplAi- 
rous acid, (&om the Greek iw, under), and another new compound, 
intermediate between the sulphurous and sulphuric acids, was named 
hijposulphrtric acid. On the same principle, an acid coiitannng a 
greater proportion of oxygen than that already named chloric acid 
was named hyperchlonc acid, (from the Greek iirep, over,) but 
now morg genettcdly perchlouc and. The names of the different 
i>cid compounds, of ojygen and sulphur, wlucli have been referred to 
fof illustration, with the relative proportions of oxygen which they 
contain, ore as frdlows . 

Composition 


Niuacs 

Sulphur. 

Oxygen 

H;po8ulpliiin>us acnl 

106 

60 

Sulplmnnis uraS 

100 

, 100 

H/posnlphnnc amd 

100 

1S6 

SidplHine acid 

100 

150 
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The same system is adopted for nil analogous acids. An acid of 
chlonnej containing mort» oxygen than chloric acid, is named per- 
chloric acid, and other similar compounds, which all contain an uu- 
usually large proportion of oxygen, 'are distinguished m the same 
manner, as periodic acitl, and pcrmang.mic acid The perchloric acid 
IS also sometimes called oriclihnti , hut tins last term does not seem 
so suitable .IS tlie iirst 

Another class of acids exists m winch snlphnr is united with the 
other element iii the place of ox>geii The acids thus formed arc called 
sulphin acuh 'I’lic n.imfs of the conesponding ovjgeii acids arc 
sometimes ajiplicd to these, with the prehx sitiph, as sulphaisetuoun 
and stilphui sonic acids, winch resemble aisciiious and arsenic acids 
respectively in coinposihon, but toutaiu sulphur instead of oxygen 

Lastly, certrun subsl antes, siith as chlorine, sulphur and cyano^tm, 
form acids uith Indiogcn, which arc c.il]ed li} drogoii ' acids, or 
Inphtictih In these acid compounds the names of both constitu- 
ents appear, as in tht' terms A yt// <><///«; </ nrid,hifdroitiiJj}huiio find, 
and hiiduiciptmi nnd Theuard has* proposed to alter tlie|;e names 
to chUiihiidru , siilphohijdi io,wA cyanhyd) ic t/t it/v,ivlnch in some 
respects arc preferable temis , 

• ^ —Compounds of the second order, or salts, aic named accoid- 

ing to the acid tlicy tonlaiii, the termin.ition n of llic acid being 
changed into ate, and ous into ito Thus a salt of sulphuric acid is 
a utrlphulo, of sulplmrous acid, a 'iitlpliiic , of hyposulpliurons » 
acid, a /u/posn/phtto . of hyposulpfmne acid, a hi/pnsnlphatc, and of 
pertlilorie <wid, ,\ pcnldotalc, and the n.une ot the oxide indicates 
the speeies as sulph.ile of oxide of silver, or suljihate of silver, tor 
tW" oxide ot the met.il being alnais nnderslood, it is unnccessaiy 
to express if, unless when moic than one oxide of the same 
metal combines with acids, as sulphate of protoxide of iron, and 
sulphate of sesipiioxule of iron These stilts are often called proto- 
sulphate and persulphate of iron, when* the prefixes proto and per 
refer to the degree of oxidation of the iron The two oxides of iron 
arc named fetiuns ondc fer nr ojidc by Berzehu^ and the 

salts referred to, the ferrous sulphate, and the feme sulphate. Tli<. 
names stannous sulphate and stannic sulphate express m the saflic 
way the sulphate of the protoxide of tin, and the sulphate of tlie 
peroxide of tin But Such names, ^though truly systematic, and 
replacing very cumbrous expressions, involve too great a change m 
chemical nomenclature to be speedily adopted Having found it-* 
way into common language, chemical nomenclature can m? longer be 
altered materially without great inconvenience It must he learned , 
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fid a language, and not be view ed and treated as the expression of a 
system A -sulphate coiitains agrc.fter proportion of acid than 
the sulphate or neutral sulphate, a i/-siilphiite tw'ire as much, and a 
vfwy«^-sulphate once and a h,dt as much m the neutral sulphate, 
while a *tf5-sulphato contains a less propoition than the iientml salt, 
the prefixes refen nig in all case's to the pioporlion of acid in the 
salt, or to the tin ft o jh i/altu' ingicdicat, as with oxides ^’hc 
excess of base in sub-salts is souk times iiidnated by Greek piebxes 
expressive of quaiititj, as //i-c In ornate of lead, t>/s-aic1ale of lead, 
bill this deviation is ajit to lead to confusion Jf a jnecise expres- 
sion for swdS^bsalls were icqiincd, it would be lietter to say, the 
oibasic suBMn^ite of lead, tiu* tribasie subatetale of lead Unt (be 
n.imcs df bc^ Sicid and basic salts aie less in aeroidaine witJi coricct 
m'ws of llieir constitution, than the names of any otiicr cLuss of coin- 
poitiids 

Conibinalions of water with other oxides aic railed an 
Indiate of,|)olasli, bjdt.ib ot boiafie and 

‘1 —In the nanus of quaitcruiiy tompounds or of double salts, 
the names of f be constitiii.nt salts aic cxpits&icl, thus — Hulphalt' of 
tthnnuKt and is the comjioiiud of sulphate ot alumina end 

sulphate of potash, the name ot the acid being expressed onlj once, 
as it IS the same ni both ol the constituent salts TJic name alum, 
which has been U'-signcd by common usage' to the same double salt, 
IS likewise received in scieiiUlic laugicige '['lie ihlondt‘ of platinum 
a‘td putwunn expresses, lu the same wav, a coinpoiiiid ot chloiide ot 
plafiiiuin with chloride ol polassium Vii oxichloi ule, siuh as the 
o ruhtundc of nun cm y, is a couijiound of the oxidi vuUi the chloiuie 
ot the same metal 

The first ideas of a cllcmie<d noinemlalure aio due to Giiytoii tie 
Morveaiv whose viewfl'weie published ni 17S!i, but the duet merit 
ot the construction of the valuable system infuse is justly assigned to 
IjiH oisier, who reported to the French Ac.idemy on the subject, in the 
name of, a committee, m 17h7 It has not been materially modified 
. or expanded since its first publication The ^iresent, or Lavoisierian 
nomenclature, does not furnish precise expressions for many new 
classes of compounds, the existence of which was not contemplated by 
its inventors, and many of itsyiamcs expre-'S tlicoietical views of the 
constitution of bodies which are doubtful, and not admitted by all 
chemists. But its deficiencies are supplied, and the composition of 
bodies m8rc accurately lepresentod, in certain written expressions, oi 
chemical formulae, which are also employed to denote particuLu sub- 
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stances, and winch form a valuable supjdement to the nomenclature 
still generally used TlieSfc formulsc are constructed oij the simplest 
principles, and besides supplying the deficiencies of the nomencla- 
ture, they at once exhibit to the eye fhe composition of bodies, and 
afford a mecliaiiicdl aid in observing relations in composition, of the 
same kind as the use of tigiirch in the comiiarison of arithmetical sums 
St/nilols uf the elenK uti ^ — Each elemenlary substance is repre- 
sented by the nnti.il Icttci of its Latin name, us wiU bo seen by 
releiciicc to tlic tabk of olcmintary substances, jjage 108, but wlieii 
the names of tno or more elements begin iiitli fhe same letter, a 
second in a siricdlei thaidctei is added foi distincliou, thus oxygen 
IS represented by the letter O, the meted osmium b' Os, fluorine by L, 
and iron (feiinm) Ii) I'e, sni.dl lelfers, it is to be observed, never being 
sjgnilli anl of ilieinselvcs, but employed oul\ in eoiinoMon n ith the large 
Icttcis as distinclue .idjnnets Tlicse symbols icprcsent, at'the s.nnt 
tinUj cortdiii rel.ilne (|uantilics of the elLinenls, the letter O express- 
ing not oxygon indi finitely, but 100 ptiifs by Height of oxygen, mid 
lie 330 p.uts b\ weight of non, oi miv'other cpiautities of tlvisc two 
suhstaiifcs which .no in the proportion of these nnmhcrs 8 parts 
of oxygen, for iiistcHKC, and 28 of non It will immediately ho 
expkuncd that Uie element. iry bodies combine with each other m 
I erlrnn propoilion.d (iinnitilies otily,w]ncli ,iic expressed by one or othei 
iiiditleientlv of the two senes of numbcis jilared ug.unst the names 
of the ilcmenls m the table refen ed to These (pnnititics are con- ' 
vemcully spoken of .is the combuung pio^xntions, the eriuivalciit 
<iu.mtities, nr the (fiuu aleulnoi the cleimnts The symbol, or letter, 
of itself leprcsentmg „iie eciuivalent of the cli ment, several equivalents 
.ii(*iej)iesented by repeating the symbol, or by placing figures bcfoic 
it , thus le I’e, or 2 IV, and 3 O, mean two equivalents of iron .nid 
t iiee of oxygen. Or small figures are placed cither above or below 
the symbol, and to the right, thus Fc®, and O^, or Fcg are of 
the siunc value as the former expressions, but are used only when 
symbol are placed together in the formulm of compounds Two 
equivalents of an clement are sometimes expressed by placing a da^h 
irough, or under its. symbol, but such abbreviabons will not be 
made use of m the present work 

0/ compound. oo^c^tiozi of symbols expresses 
combmation thus Fc O represents a compound of one equivalent or 
proportion of non, and one of oxygen, oi the protoxide of iron, SO„ 
a compound of one equivalent of sulphur, and three of oxy&n— that 
IB, one equivalent of sulphuric acid ; and sulphate of iron itself, con- 
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sisting of one equivalent* of each of the preceding compounds, may be 
represented as follows . 

Fe O S Oj, or 
Fe 0 +S Oj, or 
FcO. SO, 

Tlie sign plus ( + ) or tlie coihma, being introduced in the second 
and third formulae, to indicate a distribution of the elements of the 
salt into its two proximate constituents* oxide of iron, and sulphuric 
.lud, which is not so distinctly indiCcitcd m the first formula It may 
often be advantageous to make use of both the comma and the plus 
sign in the same formula, and then it would be a beneficial practice 
to use them as iii the following formula for the double sulphate of 
iron and potash 

Fe O, SO, + KO, SO3, 

m .nliiclf the comma is einplojed to indicate coinbiiiation more 
Ultimate m degree, or of a higher order than the jdus sign, namely, 
ol the oxide wilh the acul 111 o.icli salt, while the combiiiaiion ol the 
tiio salts themselves is cxprc'tscd by the sign + 

'J’lie siri<ill figures in the preceding forimilic affect only the symbol 
01 letter to whiili t|iey arc nnmodititely attached Larger ligmes 
placed before and in the same Knc with the symbols apply to the 
iomjiound expressed by the symbols Thus 3 S Oj, means thiee 
equivalents of sulphuric acul, 2 Pb O, two equivalents ot oxide of 
lead Put the interposition of the comma or plus sign prevents the 
mtlucikce of the figure extending faithcr, thus 
I J’b (), Cl Op or 
S l^b 0 + Cr Oj, 

is two proportions of oxide of lc.id, and one of ehromic acid, or the 
sub-chromate of lead To make tlie figure apply to symbols which 
are separated by the comma or plus sign, it is necessary to enclose all 
that IS to be aticeted within brcW-kcls, and place the figure before 
them. Thus, 

2 (Pb O, Cl Oj) • 

means two proportions of neutral chromate of lead. Tlie following 
formuhe of two double salts with their water of crystallization, exhibit 
tile apphcation of these rules — 

Iron-alum, or the sulphate of peroxide of irou and potash 
KO, SO3 -h Fej O3, -3 SO3 + 24 HO 
Oxalate of peroxide of iron'Und potash * 

• S (K O, C3 O3) -|-F«2 O3, 3 Ca O3-I-0 HO 
It will b® found to conduce to perspicmty, to avoid either connecting 
two fonnulee of different substances not in combination, by the sign 
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' ulloMiig them to be separated merely by a comma, as the 

plus and comma hetueeh aymliols or formulse are ponventioiiaJjy 
understood to umte the formulae into one, and to express com- 
bination, and indeed it is advisable to write every complete formuLi 
apart, and in a line by itself, if possible 

The only other circurastruice to be ‘attended to in the construction 
of such formulae is the at lan^fnu'nt of the symbols or letters, which 
IS not iirbitraiy Tn nainiiig n binary compound, such as oxide of 
iron, chloride of potassium, &c , v\c amiounct hrst the oxygen or 
element most reseinblnig it iii the com})ouud , that is, tlic electro 
negiitivc ingredient j but ni the formula; of the same bodies, it is the 
other or the elcctio-positive element ulin li is placed first, as in Fc* (), 
and K Cl In the foiiriulm of s.ills, it is bkcwisc the basic oxide or 
clectro-positive coiistitneiit uluch is placed liist, and not the ac^l 
Thus the sulplnite of potash is K O, S O^, and not S O 3 , K' 0 
Information resjjeeliiig the constitution of a compound may often be 
expressed m its foiinula, b\ atfeiidiiig to this rule Thus sulphiinc 
acid of specific gravity 1 780, contain* two projiortions of ;iatcr to 
one of acid, lint bv giving to it the following formula 

no, SOj + TIO, 

we expre ‘'8 that one ptopoition only of watci is combintd as a base 
with the acid, and that tin second proportion ofvintcr, tlic formula 
of which lolluws that of tlio acid, is in combination with this sulphate 
of w atei 

The .ibovc s}stcin ol notation is complete, and sufficiently con- 
venient loi representing all binary compounds, and compounds 
belonging to the 01 game depaitment of tlie science, in the formulie 
of^\hich the ultimate elements only are expressed But when 
salts and double salts are expressed, the forinul® sometimes become 
inconveniently long They may often be greatly abbreviated, and 
made more distinct, by expressing each equivalent of oxygen in an 
oxide or acid, by a point placed over the symbol of the other element, 
thus 

Frotoxulc of lion, I'V 
Sulphunc acid, S 

Ciystalhzed sulphate of protoxide of iron,. Fe 8 , H + 6 H, 

Alum, K 8 , A1 A1 S 3 + 24*11 
Fefspar, K Si, A1 A1 S 13 . 

Oxalate of peroxide of iron and potash, 3K CC + Fe Fe, 3 CJP + 6 H 
Such fonnulse are more compact, and mpre easily compared with each 
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other, the reliihoii between the mincml felspar and alum without 
its water of jcrystalhzation, being seen jit a glance on thus placing 
thoir formulffi together, the one having the sjmbol for sihcium, the 
other that for sulphur, but everything cl*e remaining the same Tins 
abbreviated plan also exhibits more distinctly the rehitum between 
the equivalents of oxygen in the different constituents of a salt, which 
IS always important ^ 

It IS to be observed, that the oxjgeii expre3'>cd by the points 
placed over a letler is brought under the lulluencc of the small figure 

attached to that letter as, for example, in the preceding formula 

of alum, mc.uib three cqimalents of bulphunc acid, so that tins sign 
lias the same value as if it were Mritfcu 3 S 

Equivalents of tulp/m) arc likciiisc sometimes cxpiessed by 
r8m mas placed over other symbols, as the Into-siilphiuide of arsenic 
by As , but such coinpnmids arc not of const.int oeemronce like the 
oxides, and do not create the same necessity toi a new and aibitrary 
symbol^ A compound body* such as cyanogen, which omnhvueswitii 
a numerous senes of other bodies, is often for brevity expressed by 
the lint lal letter or letters of its name, <is — 

(lyanogcn Cy, 

Ethyl E, 

and the organic acids are sometimes expressed by a letter in the same 

way, but with the mums sign ( — ) placed over it thus — 

Acetic acid, by 
Tartanc acid, by T 

But arbitraiy characters of tins kind will alw.ijs be exjilaiiicd on the 
occasion of tlu'ir introduction 

SECTION II — COMBIXINQ PHOPORTIONS 
All aufilyses prove that the composition of bodies is fixed and 
invariable : 100 parts of water are uniformly composed of 1 1 1 parts 
by weight of hydrogen, and 88 9 parts of bxygeii, its eonstituents 
never varying either in nature or proportion This and other sub- 
stances may exist in an impure condition;^ from an admixture of 
foreign matter, but their own composition remains the same in all 
circumstances. It is^ this constancy in the composition of bodies 
W'hich' gives to chemical analyses^all •their v.Vlue,"!lnd rewards the vast 
care necessarily bestowed upoif their execution. , 

An exafhinatiou of the composition of a class of bodies, such as tlie 
oxides, cantaimng an element in common, shows that any one element 
mutes with very different quantities of the other elements Thus in 
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each of the five oxides of which the composition is given below, the oxj - 
gen and other constituents tij^pear m a different relation fo each other 


Composition of 0 tides 


Water Oviilt i>fCoin«r 

(lude of SbuL 

>)\idi,of Lead 

Oxide of Silver 

0\-vp:c[i 8S ') Oxif'di 

ir^diogi'ii 1 1 1 f'npiMr 

20 i 
79 H 

Owj^cn 10 1 
f/iiic 80 0 

O'ilRcii 7 3 
lead 92 8 

Oxvgen 

1 Sdiir 

6 0 
98 1 

100 

100 

100 

lOO 


100 


]3ut I lie relation hi tween the ovjgeii and tlic other constituent lu 
these o\uks mil be seen more distinctly by striting their composition 
111 such a miy as to luic the oxygen expressed by the same number 
111 every case, or made c(iu.vl to 100 parts Thus 

Composition of Oiide', 


M ftlcr 

Ovu1( of Ciipm 1 ] 

1 0\ deof 7iii« 

Oxide ot 1 nd 

O vide ot SiKli 

Oxvinii 100 
llydngLii 13 5 

Owjriii 100 

wopiier 390 

Om(ICH 

Ziiu 

lOO 

400 

Oxtgin 100 
J;l III 1 29 t 

OwgLii 101) 

Silici li5() 

112 5 

406 


600 ! 

Id'Jl 

1430 


I'roin vvliuh it follous, that, — 


L2 5 

parts of hydrogen. 

39(5 

parts ofvcoqiqier, 

4dlG 

parts ot 7anc, 

1391. 

pjirts of lead. 

1350 

paits of silver. 


Combine with lOO^/n/^io/’ otpgen 
Ihesc uumbers prove to be in some degree characteristic of the 
substances to wluch they arc here attached, for when the compositiun 
of tlio svtphideH of the some substances is examined, it^ is found 
that exactly corresponding (quantities of hydrogen, copper, &c hhe- 
wise combmp with one and the same quantity of snipbur, although 
not with 100 parts of that element as of oxygen The conclusion 
from an examiiiation of the sulphides is, that — 

12 5 parts of hydrogen, . 

39(5 partrf of cOTper, 

406 pafts of zme, 

1294 parts of leaff, 

1850 parts of silver, 

tonihtne with 200 parts of sulpliui 
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An examination of tlie chloridea of the same five elements hkewise 
proves, that — . • 

12 6 parts of hydrogen, 

39G parts of copper, 

406 paits of zinc, 

1294 parts of lead, 

1;330 parls of silver, 

lombtne nith 413 75 pariit of chfunni^ 
Ilydiogcii, copper, ii^c are indeed found to unite ni the ])r()poi- 
lioiis lopeatcd abo\c, with a ctriam or conslaut quantity of all otlier 
elements, as, for cxamjile, witli 978 b/ mth 1580 lodote, X'c 
On extending the inquiry to other substances, it appears tliat for 
e,ich of them a numbci may be found wlneh expresse« in like manner 
tlitt proporlioii 111 which that subshiiice unites with 100 parts of 
o\;jJ>eu, 2l)() of sulphur, 441 73 of clilonnc, c^c These numbers cou- 
btitiite till' combining ]ii opoi Lions, or equivalent qiiaiitilies ot bodies, 
wluoh are-intriKluccd lu the table of the names ot the elements at the 
bcgmmiig of tins cliaptci, and which arc the (pianlities understood to 
bo expressed by the (homical symbols of these bodies 

Aliy senes of uuinlvrs may be chosen for tlic combining piopor- 
tious, provided the tiiic lolatioii between them is pri'scrved, as m the 
fust senes of nninbois given in the same table, winch aie all 12J 
limes less than the numbers of the second senes Hjdiogcn is 
* rcdiued fiom 12 5 to 1, oxj’^gcii from 100 to 8, sulphur from 200 to 
1 6 alteied in the same jnopoition* ropper bi comes 31 06, zinc 32 52, 
lead ] 03 56, and silver 108 1’lns senes, oi tlic hydrogen scale, 
IS recoraniendcd by the circumstance that its numbers .ire smaller and 
more e.isily recollected than those of the other, or oxygen stale 'the 
equivalents of several of the most mijim-tant elements are now also 
generally allowed to be exact multiples of the equivalent of liydro- 
gen, so that the eqiuvnlent of the latter element being 1, tlie eqmva- 
lents of the former arc accurately expressed^ by entire numbers , — 
carbon by 6, oxygen by 8, nitrogen by 14, sulphur by 16, and iron 
by 28 . 

. Having reference to the oxygen senes, it is. said, in general terras, 
that the combining proportion of a simple substance represents the 
quantity of that substance which combines with 100 parts of oxygen to 
form a protoxide. On the hydjj^n* scale, which I shall adopt, the 
defimtion of a chemical equivalent, or combining proportion becomes 
as follows — The combining proportion of a simple substance 
^epresen^s the quantity of that substance which unites with 8 
parts of oxygen to form a protoxide 
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Ths first law of conibinatioii is, that boifics unite with each othei 
in their combming proporlBons onlv, or in inultjjiles ttf them, and m 
no intermediate proportions " This law may be illustrated by the 
compounds of nitrogen ^aiid oxygen, winch are five in number, and 
are composed a. follows 

I’lotoxidc ol nitrogen intregcn ll, oxygen 8 

Deutoxidc of introgi ti, niliogcn 1 1, oxygen 1C 

T^’ilioux aeid intiogoii 14, oxjgeii 24- 

JVioxidc of nitiogeii mirogeii 14, oxygeu 32 

Ivitiic acid intiogen 14, oxxgeu 40 

'L’ho til si foiiipoiiiid consists of a single combining proportion of each 
of its constituents But in tlic other toinponnds, a single pioportion 
of nitrogen is uintid with (pi.uilities of o\igei\ winch correspond 
exactl} with two, three, four, and fixe coinbnnng piopoitious of tlfit 
ikinent In the yi eat ( i iiumbir of l>inai> (ojnpouads one o# tlu 
constituents at least ii present m tlu piopo.tion of a -i igle cipuva- 
leiit, like tlio mtiogeu m tins senes, pilule tlic otliei (onshtuciit, 
genenilly the ox'igcii in oxides, and the electio-mgatixe eleWnt m 
other compounds, is present lu a multiple ot its coinbinuig pro 2 )oi- 
tion Hut the number of e'lpaialeuts which iriaj enlei into a com- 
pound IS subject to eoiisiderciblc vaimtion, as will appear from tJit 
iollowniig examphs 

Olio cq ofo\\(icii + Om cq ol Iijdiogiii, loinis water 

Two „ ow'^oii + One „ wlijilio^di, form ptioxulo of hydrogtii 

One „ nxit'Mi + Two „ (i>|q)ii, fnriin snlioMilc of topper 

Out „ nulpLiii + Three „ ,, siilphiint iitid 

Two „ sulphur + INvo „ oMpeii, form liyposulplinroiis ntid 

• T»to „ iron a- Three „ oxyKtu „ peroxide of iruu 

T’wo „ sulphur + Tite „ oxygen „ liypusnlphuric otid 

I'tto „ laaiigamsc + Seven „ oxvgiii „ hypermaugnnic aeid 

Beprescntirig the constituents oi a binary compound by A iMid Jl, 
tile last being the oxjgeu or electro-negative coustituent, the mot.t 
frefiueiit coinbinations a’le A-f-B, A -p 213, A -t- 3B, and A + 5B The 
combination of 2A-P3B, is not unfrexiucnt, but 2A-(-B,, A -1-4B, 
•A- + 7Bj 2A-1-2B, oi 2A-I-5B, are of conijiaratively rare occurrenci’ ^ 
Combination between two elements is not known to occur in mofe 
complicated ratios than the preceding, if the pompounda of carbon 
and hydrogen be d^ceptbd, wliiuh qm numerous, and exhibit great 
diversity of composition, hke the cdSipounds of organic chemistiy 
generally, to wliicli they properly belong * 

Combination likewise takes place among bodidh which toe them- 
selves compoond, m proportional quantities, which are fixed aud 
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tletcrimned by the law, ^\iat " the combining number of a compound 
body IS always the stun of the combining numbiTS of its consti- 
tuents" Thus oil of vitnol, which contains water and sulplmno 
acid, IS composed of these bodiVs m the pioportion of — 

Water 9 

Sulphuric held 40 

in which the combining proportion of the watei (9) is the sum of the 
c(j^uiv alents of its constituents, namely, of ovygeii 8, and of hydro- 
gen 1, and that of sulpliuiic acid (ttl), of tliose of sulpliur 16, and 
ot oxygen 24 , then being thiec piopoitions of oxjgcn in sulphuric 
!icid The combining pioportion of oxide of /me is 40 52, the siun 
of oxygen 8, and zinc 32 52, and the eoinpound of this oxide with 
sulpliuiic acid, or the salt, sulpleitc of /me, consists of — 

Oxide ot ziiic 40 52 

Siilpluinc acid iO 

SO 52 

Of pgtasli, the combining ’}iiopoihon is 17 , or oxygen S, added 
to potassium 39 , and to tins projioition of potash the usual pro- 
portion of suljihunc <|||LuI is attached in the sulphate of potash, which 
IS composed of — 

Potash 47 

Sulphuric acid 40 

• 87 

Of these salts themselves, the comhiinng propoitions ouglit to he the 
sums obtained by the addition of the numbers of tlieir constituents , 
and accordingly the double suliilute of zinc and potash consists ot — 
Sulphate of zinc 80 52 

Sulphate of pot,ish 87 

167 52 

Of lutnc acid the constituents are one cq of nitrogen Id., and fi\e of 
oxygen ^0, makin g together 54, which is the combining propoition 
, of that acid, and is found to unite with 9 water, with 40 52 oxide of 
Zinc, and with 47 potash, or with the same quantities of tliese 
oxides aa combuie witli 40 sulphuric acid Carbonic acid is com- 
posed of one proportion of carbe^ 6, and tVo pfoportions of oxygen 
iO, so that its combining ntimber is 22 , in which proportion it 
unites with 47 potash, to form carbonate of potash The equiva- 
lent quantities of all other acids and bases correspond in like manner 
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With the numbers dcducible from their compbsition Indeed, the lim 
13 found to hold m coityiounds of every class and character, and 
whether they contain few or many equivalents of their elements. 
Compound bodies likewise mute among themselves m multiples of 
their combiiiiiig pToporfioiis, as well as in single ecpiivalents. T.lius 
poff^gh combine with 5^,15 chromic acid, and with double that 
quantity, or 101 30, chromic and, to form the yellow and red chro- 
mates of potash, the fust colituimiig one equivalent, and the second 
two equivalents of acid The occuireiice of multiple proportions 
was w'cll dlnstrated by l^i 'Wollaston m the earbonato and bicarbo- 
nate of potash. A (puintity of the latter salt being divided into equ,il 
parts, one half was exposed to a red heat, by the eftcct of winch tlir 
salt lost some carbonic acid and became nentnvl eatbonatc , and both 
portions being afterwards dccoinpostd by an and, the salt in its 
ongiiial condition was found to afford a iiu'asiire of carbonic and .gas 
exactly double of that yielded by Ibo i)or( ion exposed to tlie 'lugli 
temperaiuro By cxpciimciits e(|aall\ simple and conxmeiiig, he 
pioxcd that in tbc tluce salts formed by oxabe and and potash, the 
quantities of aeid wliieh coitibmc with the same (piantity of alkali are 
rigorously among tliemsilves as the numbers 1,^ 3, and 4* llic com- 
position of all other supei- and sab-salts is found to bo m coivfornntv 
Vritli the same law, one of the constituents being always piesent in 
the proportion of tw o or more oquivolents. 

The coiiilnmng jirojiortioiis ol compound bodies depend entiTc^# ' 
therefore, iqiontliose of tlinr constituents, or upon the equivalents tA 
the elcmentaiy bodies The mode of dctenuiunig tUe«e fundameiftil 
equivalents generally consists, as may be aiifieipated, in ascertauilng 
thjf quantity of any element w Inch exists united with 8 parts of 
oxygen in tlie protoxide of that element, wducli quantity is viewed as 
a single equivalent Tlius, of hy'diogen and lead, the protoxides arc 
water and litharge, in w’hich respectively 8 oxygen are associated 
with 1 hydrogen and 103 56 load, winch numbers are therefore single 
equivalents of these elementary substimccs But the dilRoulty still 
lemaiiis to know what is a protoxide , for the rule is not followed m 
all cases to consider that oxide of an element as the protoxide which ^ 
contains the least proportion of oxygen "When only one oxide iS 
known, it is presumed to be a protoxide, and composed of single 
equivalents, uidesS^t cofrcsponiis properties with a higher degree 
of oxidation of some other element , Ad of several oxides of the same 
element, Hiat containing least oxygen is viewed as the protolide, unless 
a higher oxide lu» better claims to be considered as suchs Hence 
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magnesia and oxide of zfnc being the only oxides of magnesium and 
zinc known, are protoxides; and water, l^haige, potash, soda, hme, 
and protoxide of iron, which arc all the lowest oxides of diffeient 
metals, are admitted inthout ebjection to be protoxides, and become 
standards of comparison for this class of bdUies , while alumina, the 
only oxide of aluminunij difTemig entiiely from the protoxide of iron, 
but closely resembling the peroxide of that metal, is considered a 
peroxide of siimlar constitution, or tb contain three ccpiivalcnts of 
oxygen and two of metal Now in alumina 24 oxygen, or three 
equivalents, are united with 27 38 alnmimun, one half of which 
number, or 13 09, is tlieieforc tlie equivrilent of aluminum The 
true protoxide of aluinmuin, if it is capable of existing, still remains 
to be discovered The green oxide of chroiniiim, which was till 
lately the lowest degree of oxidation known of tliat met.il, was not- 
uitjiatanding considcri'd a peroxide, being .inalogous to alumina and 
thopOEOKide of iron On tlie other hand, the second degree ot oxida- 
tioirttf copper, oi the black oxide, and not the ilist degiee of oxida- 
tion of that metal, must be vx'wcd as tlic protoxidi', eras eomimsedof 
single equivalents, from its coirespondcnce with the protoxide of non 
and a large class of admitted protoxides Tlie lower degree of oxida- 
tion of copper or the red oxide, which contains only half tJie piojior- 
tion of oxygen in the black oxide, eomes therefore to be considered 
a suboxide, a compound of two ccpinalents of metal and one of 
• oxygen Por reasons somewhat similar, the higher of the two grades 
of oxidation of mercury, or the red oxide of that mct.il, is now gene- 
rally received as the protoxide, and the ash-coloured oxide reputed a 
subqxide Tlicsc suboxides of inercuiy and copper arc capable of 
combining with acids, but they arc the only suboxides wbieh pos'^ss 
that property Tt is the character of metallic protoxides to form 
salts with acids , and of several oxides of the same metal, the pro- 
toxide is always the most powerful base 

Bodies likewise replace each other in combination, in equivalent 
quanhtieB. Thus in the decomposition of w'ater by clilonnc, which 
occurs m certain circumstaiiccs, 35 5 parts of chlorine unite with 
1 hydrogen or 0119 . equivalent of that body, to form hydroclilonc 
field, and displaee at the same tune and liberate 8 parts of oxygen 
Hence the nundier 35 5 represents the combining proportion of 
clilorme, which in equivalent m^iriiinatioft to, flt can be substituted 
for, 8 oxygen. Again, m dccdmposuig hydnodic acid, 35 5 chloniie 
umte with 1 hydrogen, and liberate 126 36 iodine, wh’ch propor- 
tion of viodine may again acquire 1 hydrogen, by decomposing 
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Bulplanzetted hydiogeu, aud set ‘free 18 sulpAur. Hence 128.36 and 
16 are the e(imvalent quantities of iodine and sulphur, which 
take the place of 35.5 clilorme or 8 oxygen m combination with 
1 hydrogen • 

When 32 52 grains lA zinc are introduced into a solution of mtrale 
of copper, they dissolve, acquinng So\ygeu and 54- nitric acid, and 
become nitrate of zinc, while 31 66 jiarts of metallic copper are 
deposited, which had picviouyy been m the slate of nitrate, and in 
* combination w'ltli the above-mentioned quantities of oxygen and 
nitno and, and the solution remains otherwise niialtered Zinc 
tlirows down neailv all the mebds horn their solutions in acids in the 
same manner, and if the (piantity of this substance introduced into 
the solutions, and dissolved, be a comhinmg proportion, as m tlie 
instance given, the quantities of the metals jirecipitated will also be 
combining piopoitions of those metals 'I'lie quantity of ^nic 
employed luaj be \<iricd, but tlie qiwntiiy of otlier metal precipitated 
will still be, to the (juaiitity of zinc dissolved, in the ratio of the 
combining numbers of tlic two Tnetah • Lead, eopper, tm, or anj 
other metal, when it acts like zinc as a piecipitant, likewise throws 
down e(pn\a\ont quantities of othei melaL, and tables their place ni 
tlic pre-existing compound I’liis .substilntibn of one motal foi 
another, in a saline compound, uithont any cliange in the characlei 
of the compound, shows how justly the combining proiiortious of 
bodies are termed llieir equivalent quantities or equivalents The 
metal disjd.icod, and that substituted foi it, liave evidently tlie b,iiae 
\alue in the eonstruction of the eamipoiind, iind arc truly equnaleiit 
to each other 

i 

The e(|uiva]ent propoidions of such oxides ,is are bases are ascer- 
tainetl by fliulma: w lint quantify of each satuiates the known com- 
bining proportion of an acid Thus, to saturate 40 ports, or a 
combiTiing proportion of suljihuric acid, the following proportions of 
different bases are requisite, and are equivalent in producing that 
effect 


Magnesia 

20.67 

1 jime 

28 

Soda * - 

31 

Protoxide of manganese 

85 67 

Potaslf * , 

47 

Strontinii 

51 84 

Baryta 

76 64 

Protoxide of lead 

. Ill 60 

Oxide of silver 

. 116 
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The addition of these*bodies to aulphunc acid in the above-^o- 
poitions destroys its sour taste and othei; properties as an acid, of 
urhich one of* the most chaiactenstic is that of reddening certain 
vegetable blue colours, such os htmus The acid is said to be 
neuixahzed or saturated, and the product orVompound formed is a 
neutral salt, which docs not alter the blue colour of htmus. 01 tlie 
bases mentioned, magnesia has the greatest saturating power, and 
oxide of silver the least , the proportion of these bases necessary to 
saturate the same quantity of sulphunc acid being 20 67 of the 
former, and 115 92 of the latter 

Ckmversely, the equivalent proportions of acids are the quantities 
which neutralize the known equivalent of any base or alkali, 'rhiis 
47 12 parts of potash, or a combinmg proportion, is depnved of its 
alkahne properties, — of which the most obvious are its caustic t.istc 
aiicl. powM to restore the blue colour of reddened htmus, — by the 
following proportions of different acids, and a m'utral compound or 
salt produced in every case — 


Sulphurous acid • 

32 

Sulphunc acid 

4.6 

HydrocMonc acid 

36 5 

Nitric acid ' 

54 

Cldoric acid 

76 5 

Hyperchlonc acid 

92 5 

Iodic acid 

166 36 

Hypenodic acid . . 

182.36 


It thus appears tluit -the acids differ as widely among themselves 
m their equivalent quantities as the bases do The equivalent 
of either an acid or base thus deduced from its naturalizing power 
is always the same os that indicated by its composition, namely the 
sum of the cqmvalent numbers of its constituents As tlie bases 
which saturate acids fully are all protoxides, it also necessarily 
follows that 100 parts of oxygen are always oontavued m the ptoiioi- 
tioii of base which neutralizes the equivalent of an acid 
The equivalents of both acids and bases are likewise observed m 
those ddGompositions m which one acid is substituted for another 
'a^id in combination, or one base for another base Thus an cqmva- 
lent of sulphunc acid is found to disengage the eqmvalcnt quantity 
exactly of sulphurous acid from the sulphite of 'vda, of nitnc acid 
from the mtrate of potash, or of i^drochlonc acid from the chlonde of 
sodium, and to replace it m combination with the base, forming m 
evciy cas^ a neutral sulphate. An eqmvalcnt of potash separate s m 
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Iil^Miiier tin equivalent of mngneaia, of lfine,4)f baryte^ or of pro- 
to^ of lea^, from its ct^nbinatioii with an acid. The proporhon of 
acid or base necessary to produce a certain amount of decomposi- 
tion may therefore be calculated from a knowledge of the eqmvalents 
of bodies, and such knSvvledge comes to be of the most firequent and 
valuable appbcation for practical purposes 

But the subslitution of equivalent quantities of different bodies for 
one another is most strikingly exhibited in the decompositions which 
follow the mixture of certain neutral salts An equivalent of sulphate 
of magnesia being mixed with an equivalent of nitrate of bBiytes,the tn o 
bases exchange acids, the orginal salts disapiiear completely, and two 
new salts are produced — the sulphate of barytes, wbicli is insoluble and 
precipitates, and the nitrate of magnesia, which remains in solution , 
ns represented m the following diagiam, in which the equivalent 
quantities are expressed — 

nefore ileroinposition After dccompoRitloii 


GO G7 sulphutc 
of mngnwui 

130 Cl nitrate 
of Iwrjtca 


( 20 G7 magnchift 
1 40 sulphiuic nod 


61 uitnc nod 
7C61 


I 



,74 G7 nitrate of 
inagncsin 


116 04 Bulphale 
of barytes 


After a double decomposition of tins kind, the liquid remains 
neutml, nr there is no icclundaney of either acid or base, because 
each of the new s,ilts is composed of a single equivalent of acid and 
of base, like the salts from winch they aie formed. If one of the 
salts be adilcd in <\ larger projiortidh than its etpnvalent quantity, the 
excess does not interfere with the decomposition, and remains 
itself unaflceted, the decomposition proceeding no farther than the 
equivalents present Hence the general observation, that neutral 
salts continue neutral after decomposition, in whatever proportions 
they may be mixed 

But the modes of fixing the equivalent numbers which have been 
stated are inapplicable to several dementary bodies, such as nitrogen, 
phosphorus, carbon, boron, and some metals of which the protox- 
ides are not bases, and are uncertam Nitrogen enters ir^to mtne 
acid, of winch aeid ^t is known that the equivalent is 64, and , 
that it con^iis five equivalents or 40 parts of oxygen, and conse- 
quently 14 parts of nitrogen It is doubtful^ however, whether 14 
represents one ot tw o eqmvalents o^^itrogen But the equivalent of 
ammomi likewise contains 14 nitrogen, and a less proportion is never 
found in the eqmvalent of any other compound into vVhich that 
element enters. The number 14 is, therefore, the least c9mltnin!f 
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proportion of nitrogen/ and must on that account be taken as one 
equivalent. The equivalent of phosphorys can be shown on the 
ff^TTip. prmciple’ to be 32, that of arsemc 75, and tliat of autiniuii)' 129, 
as given in the tables, and not* the halves of these numbers, as oltcn 
estimated. These three bodies agree with nitrogen m tlicir chemical 
relations, and the numbers reeommended represent the quantities 
winch replace 14 mtrogen in analogous compounds The equivalent 
of carbon may be deduced from the l^iown equivalent of its com- 
pound, carbonic acid but the cqmvalenta of boron and silicum 
cannot be fixed upon with tlie same certainty, owing to tlie doubt 
uliich hangs over the equivalents of boracic and sihcic acids 

Of the facta which involve the pnneiplc of combination m definite 
and equivalent proportions, the List mentioned appears to have been 
the first observed and explained Wen/el, of Freiberg in Saxony, 
solf^r back as 1777, made an analysis of a great vanety of salts uitli 
siirpiiSiiig accuracy, which enabled him to perceive that the nentrahty 
which is obsellvcfl after the lecipiocal decomposition of neutral salts 
dcpcJTds npomlliis, — that the <{uantitios of diflcrcnt acids winch satu- 
rate an equal weight of one hasc will also saturate erpial weights (if 
any otlier base 

Richter of Berlin confirmed and extended the observations of 
Wen/el, altaclniig proportional numbers to the arids and ba'>cs, and" 
remarking for the first time that the neiitnJity does not change 
(huiiig the precipitation of mct.ils by Civch other, and also that the 
proportion of oxygen in the equivalents of bases is the same iii all, 
and may be represented ^by 100 parts But the first foundtitioiis of 
a complete system of equivalents, embracing both simple bodies and 
their compounds, were laid by Dalton, at the same time that Jje 
anaounced liis atomic theory.* The observation tluit the c(\uiva]cut 
of a compound body is the sum of the eiimvaleiits of its constituents, 
and the discovery of combination iii multiple proportions, arc 
peculiarly bis Dr Wollaston afterwards adapted the more impor- 
tant equivalents to the common shihng rule o? Gunter, by means of 
which, proportions can he observed without the trouble of calculation 
Tins mstfument, which is known under the name of the scale of 
rh^mical equivalents, contributed largely to’ the diffusion of the 
knowledge of the proportional numbers, but is not itself of much 
practical value. ’ ' 

The numerical accuracy of *fhe equivalents assigned to bodies 
dependj entirely upon the exactness of the chemical analyses from 
• * New STstem of Chemical Philosophy, 1807 
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which they axe acduced. Tlie generally received aenea of numbers, 
which 18 adopted in tins work, was drawn up by Berzehus from dala 
supplied m a great nicasur? by himsdf Tlic considerataon of the law s 
of Wenzel and Eichter, which u ere long overlooked or imsunderstoed, 
was revived by him, and by a series of Analytical researches unnvallod 
for their extent and accuracy he firsj impressed upon chemistry tlir 
character of <i science of number iiiul quantity, which is now iK 
highest rceoinmciidation Stvci.d of Berzelius’s numbers received a 
vnhiAblcconfinnatioiifrom Dr Turner, u hose inquiries were especially 
directed to test an liypothcsis respecting tliem proposed and ably 
mmntanicd by Dr Proiit, namely, that the equivalents of all the 
elements arc multiples of the (‘(puvalcnt of hydrogen, and consequently 
if tlmt e<iuivak’nt be made equal to 1, all the others wdl be whole mim- 
bers* Dr Penny took a part in the same inquiry, (B>id 1839, p 13) 
Mon' lately laboiious researches have beni undert.iken witl; the Scftiie 
object by Dumas, Marignac, Pelonze, and others, wliose results are 
quoted under the table of equivalents Tt appears to be defiiutivclv 
settled that the equivalents of the <‘]e|nen1& arc not, without p<eep. 
tion, raultijiles of the oquiv.ileiit of hydrogen The nudibor foi 
chlonnc (35 5) is coiulusivc against that hypothesis At the s.iinr 
time, the accurate detenniiicitions of the ('Cfiin'.ileiits of clilorme, 
quiver, and potassium, by M,iuimn6, lend positive support to the opinion 
tliat tlicsc and all oUier r(|niv.deuls are multiples of Imlf the equivalent 
of hydrogen Bo do the iici'ut determinations of carbon and hydrogen ^ 
ill ri'ference to oxygen, and those of nitrogen, soibnm, iron, and cal- 
cium. The number foi lead also, upon the determination of vliidi 
extraordinary pains have been bestowed by Berzelius at ibffcreiit times, 
namely 103 56, is favourable to the same view. Now these are the 
cijuivalents upon which, above all others, our knowledge is most 
precise and certain. 

Might not, therefore, the equivalent of hydrogen be divided by 
two, by which chlonnc would become 71 and lead 207, hydrogen 
being 1 1 * The multiple relation would not, however, be estabbslied 
by divubng the equivalent of hydrogen, for, as is justly observed bv 
Berzelius, the chemical reasons which are adduced for the division of 
the equivalent ot hydrogen apply with equal force to the equivalcu# 
of chlonnc, and the one cannot be divided without dividing the 
other. Tlie eqm^ent^of chlonnc would, tlierefore, still remain n 
multiple of half the eqmvalent’of^jj^ogen. 


* Philostyplucd Truudctainu, 1833, p 623 
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SECTION III. — ^ATOMIC WEOKY 

« 

The laws of combination, and the doctnne of equivalents, wliicli 
have just been considered, are founded upoh experimental evidence 
oidy, and mvolve no liypotliesis The most general of these laws 
were not however suggested by observation, but by a theory of the 
atomic constitution of bodies, m which' they arc included, and which 
jlturds a luminous explanation of them The partial verification 
wlncli this theory lias received m the establishment of these laws 
adds greatly to its inteiest, and is a strong aiguincnt iii favour ot its 
tiutli It IS the atomic theory ol Dalton, the essential part of which 
may be stated in a few words 

Although matter appears to be divided and comminuted in many 
cTicpmstjiices to an extent beyond our powers of conception, it is 
possible that it may not be iiidefimtcly divisible , that tlure may be a 
hunt to the successive division oi secability ot its parts , a himt 
ttliinh it may be chilicult oi uupossibh* to re.icb by experiment, hut 
winch nevertheless exists. Hlaltei may be compused of ultmiate 
particles or atoms, which arc not tailhci divisible, and each of wliidi 
jiossesscs a certain .ibsolutc and possibly appreciable weight Now 
the question arises, is the atom m cveiy kind of mattci ol the s.im(* 
weight, or do atoms of diHercnt kinds of matter dillcr in weight * 
Are the ultimate particles, tor instance, to which charcoal and sid- 
jiliui sfre leducible, of the same, or diHcicnt weights ijct their 
weights he siqiposud to be didcrcnt, to be in the proportion of the 
equivalent numbers of sulphur and charcoal, which thus become 
atomic weights, and so of tlic atoms of othei elementary bodies, and 
ti e whole laws of combination follow by the simplest re.isomng I’he 
atoms of the elementary bodies may be represented to the eye by 


spheres or by circles 

in which their symbols are msenbed to dis- 

tingmsh them, as in 
weights. 

the following examples, 

with their riJativc 

Name 

Atom 

Weight of Atom. 

w 

Oxygen . 

■ ® . . 

8 

Hydrogen 


1 

Nitrogen 


14 

Carbon 


6 

Sulpjiur 

(D 

16 
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Chramcal combination takes place between the atoms of bodies, 
which then come into juxtaposition , and in decomposition the 
simple atoms separate again from each other, in possession of their 
original properties The atom or integrant particle of a compound 
body is an oggrcgtilion of simple atoms, and must therefore have a 
weight equal to the sum of their weights , as will be obvious from the 
exhibition of tlie atomic coii^itiition of a few compounds 

Atom Weight 


W atcr (ovidc of In di ogci i ) 
Protoxide of nitrogen 
Deutoxidc of nitrogen 
Sulpliunc acid 
Oxide of lead 

Sulphate of lead 



1+ 8= 9 

14+ 8^ 22 

14+ 16= 30 
16+ 24= 40 
10S56+ 8=111 56 

• 

111 56+ 40=151 56 


It is unnecessary to make any assumption as to the nature, .si7c, 
form, or even actual u eight of the atoms of elementary bodv’s, or us 
to the mode in nliich they are grouped or ai ranged in compounds 
All that is kiioun oi likely ever to be kiionn respecting them is their 
relative u eight Tlie atom of oxygen is eight times heavier than 
that of hydrogen, but their actual vieiglifs aic iiiulctenmned. To 
afford the means of expressing the relative Heights of these aud'bthcr 
atoms, a iiuiiibi'i n Inch is entirely arbitiary is assigned to one of them, * 
namely 8 to the atom of oxygen, s)5id then tlie v\ eight of the atom of 
hydrogen can be said to be 1, of inliogeii 14', of carbon 6, of 
suljihur 1 6, and of lead 103 50 A single atom of water contains 
o*c atom of oxygen (8), and one ol hydiogen (1), and must there- 
fore weigh 9, an atom of oxide of Itxid coiitaiiis one atom of oxygen 
and one of lead, which w'eigh together 111*56 , an atom of sulphuric 
acid, one atom of sulphur and three atoms ot oxygen, which weigh 
together 40 , and an atom of sulphate of lead, mcludmg one of each 
of the preceding compound atoms, must weigh 111*56 + 40, or 
151 56 

The equivalent quantities being now represented by atoms, it^; 
necessarily follows that bodies can combine in these quantities Or 
multiples of them only, and not m intermq^mte proportions, for 
atoms do not admif of division • I^a senes of several compounds of 
the saiye elements, such as the oxides of nitrogen, which was formerly 
referred to in illustration of combination m multiple proportions 
(page 124), bue atom of nitrogen combines with one, two, foui 
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and five atoms of oxygon, and a simple ratio between tlie (quantities 
of oxygon m these compounds is the consequence. The e(iui\alriit 
of the compound body also is the stun of the e(quivaleuh of its 
constituents, for the w'cighl of a compound atom is the weight of its 
constituent atoms 

By the juxtaposition, sepamtion, and exchange of one atom loi 
another in compounds, all kinds of combination and decomposition 
in pqmvalent (quantities may be produced, while the substitution ot 
ponderable masses for the abstract idea of eipiiv alcnts renders the 
whole changes most readily conceivable 

Tlub theory being adoqitcd as a useful, while it is at the same time 
a higlily qirobablc rcjircsentation of the laws of combination, its tenns 
atom ®r atomic weight may bo used as sjoionymous with equivalent, 
cyuivaleut (quant ity, and combining jiroqiortioii 

W Damas is disjioscd to modify the atomic theory so far as to 
iilioV the divisibility of the atoms oi nltnnatc masses in whieh a body 
enters into combination, and to supqiosi' tliat they arc groups of moic 
iinuute^atoms, into which thby may be divided by physical, but not 
by chemical forces lie distinguishes the atoms whitli coiresjiond 
witli eqmvalcnts as chemual a/ows, and allow’iiig tlum to rei)resenl 
tmly and constantly the least quantities in winch bodies combine, 
still siiqiposes that under the iidliumee of heat, and jieiliaqis otliin 
jihysioal agencies, these molecules may bo sul)ili\uled into .itoins nl 
ail lufciior order, of whuh, for example, two, foui, oi*u thousand, .ul 
included in a single clieinical wtom* But .suitly sneh a view 
(iitircly subversive of *the atomic theory U is qmnciqially founded 
on the assumed existence of a simdaiity between rdoms m (heir cajia- 
city for heat, and in then volume while in the gaseous state 

specific heat of atoms 

Tlie quantity of heat iiecessaiy to raise the tcmperatuie of ciqiial 
W'ciglits of different bodies a single degree,* vanes according to their 
nature,, and may be expressed by numbers winch are the caqiacities for 
heat or specific heats of tliesc bodies (page 25) This difference 
appears m the numbers for several simqde bodies qiLiced together in 
the first column of the following table, among which no relation tan 
be perceived. But if the (xin^nsou is made Oetween the capacity 

t 

* Lcfons BUT la PhiloBophie Chumque, jrrofcBB^ an CtoUege dc Vrarax, par M Duinni, 
paq^ 238* 
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for heat not of equal weights, but of atomic weights or equivalent 
quantities of the same bochcs, as in the second and third columns of 
the table, then the numbers for several bodies are found to be nearly 
the same, and those of others to bear u simple relation to each other 

SPECIFIC HEAT 



1 . -- 

IV 

Atomic 

weights 

/ • 

I 

Of equal 
u 1 i^bts 

SpL( liic huit 
of Siiinr 

uciKbl ol uatcr 
btiiiK 1 

IT 

Of atoms 

Specific heat 
ui 

atom of ivatci 
briiifr 1 

III 

Of atoms 

Specific heat 
of 

atom of lead 
being 1 

L(>id 

0 02D3 

0 3372 

10000 

103 56 

Tin 

0 0514 

0 3358 

0 9960 

. 58 82. * 

Zinc 

0 0027 

0 3321 

0 9850 

32 52 

Copper 

0 0949 

0dd40 

0 9908 

31 66 

Nickel 

01036 

0 3404 

1 0095 

29 57 

Cobalt 

0 lOfiOC 

0 350^ 

1 040 

29 62 

Iron 

01100 

0 3315 

0 9831 


rialiimm 

0 0314 

03113 

1 0211 

98 68 

biiljilmr 

0 1880 

0 3359 

09963 

16 

Mcrcuiy 

0 0330 

0 3714 

11015 

10007 

TLllununi 

0 05155 

0 3788 

1 123 

6414 

Gold 

0 020S 

0 3292 

0 9705 

98 33 

Arseme 

0 081 

OC768 

2 0074 

76 

Silver 

0 0557 

0G694 

1 9855 

108 

Phosphorus 

0 385 

lli415 

3 9789 

32 

Todme 

0 10824 

15197 

• 4 606 

126 36 

Carbon 

0 2411 

01698 

0 4766 

6 

Djsmuth 

m 

0 03084 

0 2190 

0o494 

70 96 


Of the first twelve substances, which are all metals, with the 
exception of sul2ihur, the capacities of the atoms approach so closely, 
tliat they may be considered as identical, their capacities appearing 
to be all nearly one-thir J of that of the atom of water, m the second 
column , and nearly comciding with the capacity of the atom of lead, 
one of their number in the tlmd column. The weights of tlie atoms 
themselves are added in a fourth column, for convenience of refer 
ence. The twelve substances m question, taken in the proportions of 
their atomic weight?, will* therrfor^ undergo an equal change of 
temperatyre on assummg an equal quratity of heat The two metals 
which follow m the table, namely, orsemc and silver, appear to have 
an equal capacity for heat, which is double tliat of lead and the class 
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which coincides with it^ while the capacity of phosphorus is four 
tunes, and that of lodme four and a lial^ tunes greater than tlut of 
lead and its class. The capacity of the atom of bismuth appears to 
be two-tluids, and that of carbon to be one -half of the capacity of 
that of lead. The general results may therefore be stated as fol- 
lows — 


Specific heat uf atom of lead ' 

1 

Weight of Atom. 
103 56 

■« l< 

tm 

1 

58 82 

l( Cl 

zinc 

1 

32 52 

f< tt 

copper 

1 

31 66 

it It 

mckd 

1 

29 57 


cofault 

1 

29 52 

If <4 

iron 

1 

28 

41 41 

platinum 

1 

98 6S 

(4 14 

sulphur 

1 

16 

4 tt ** 

nicirury 

1 

100 07 

*t « 

leUununi 

1 

Cl 14 

«( ti 

Hold 

1 

08 33 

4V 44 

arsenic 

2 

75 

44 44 

1 

silver 

2 

108 

44 44 

]iliosphorus 

4 

32 

44 44 

iodine 

4i 

126 30 

44 % 

faismutli 

% 

70 95 

44 4( 

carbon 

k 

6 

Messrs. Dulong and Petit, whose researches supphed the grc.itcr 

portion of these valuable results, drew 

<i more 

general conclusion 

from them, namely that all attfms, or 

at least 

all simple atoms. 


have the same capacity for heat, and that those atomic weights which 
are inconsistent with that supposition, ought to be altered and accom- 
modated to it. The specific heat of a body ivould thus .ifford Ulc 
means of fixing its atomic weight Some of the altemtiuiis in tlic 
atomic weights, winch would follow the adoption of this law, might 
be advocated upon other grounds — such as halving the atomic weight 
of silver, doubling that of carbon, and adding one-hall to that of bis- 
muth. But the eqmvalent of phosphorus would require to be 
divided by four, while that of arsemc, which it so closely represents 
in compounds, is divided only by two , changes which are inadmissible. 

It must be concluded, then, that elementary atoms have not neces- 
sanly the same cs^uci^ for heat, although a simple relation appears 
always to exist between their can^ities. Tlie capacities of the three 
gaseous elements, oxygen, hydrogen, and mtrogen, may hkqwise be 
adduced m support of such a relation, provided they are the same for 
equal volumes of the gases, agreeably to the observaboiis of Dulong 
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But this rd&tioii can only be looked for belween bodies while under 
the same physical conditipiij and perhaps agreeing in other circum- 
stances also^ for the capacity for heat of the same body is known to 
vary under the difTcrent forms of sohd, hcj^uid, and gas , and, indeed, 
wlule the body is in the same state, its capacity appears not to be 
absolutely constant, but to increase perceptibly to elevated tempera- 
tures (page 26) ^ 

The cjpricitics of compound atoms have also been submitted to a 
sufficiently extensive cxannnatiou to determine that sim])le relations 
subsist among them In two classes of analogous coinbmations, the 
caj).icities of tlie atoms for beat were found bj M. Neumann, of 
Koiugsberg, to approach so closely, that they may be admitted to ho 
tlie same, the difl'ercuces boitig buflicicntl^ accounted for by the 
errors of observation unavoidable in such delicate researches 


• 

0> FQl VT 

Ml II Ills 

Spu iHi hi .it of 
sum M light of 
w ill r hi mg 1 

OK ATOMK ‘ 

M 1 III 11 IS 

Speiilii* beat of 
itom cl lyiter 
huug 1 

C'aHion of liiut 

C'nibonatb of baiytca 

C'niboiiatb of ir<iii 
('.iiboiuiU ofl( ul 
t'orbouatb ol ^iiic 

Carboiutc oi Btioutian 

Dolountc (uuboiialtB of lime and meg- 
ncsi.i) 

0 ^014 

0 iclSo 

0 1810 

C 0810 

C 1712 

0 1445 

0.9111 

Mean 


naU class of sulphates presented a similar result 

— 


OF j!.aUAl 

OF A^OtflC 


WIG UTS 

WEIGHTS 

Sulphate of baiyta , 

01068 

01384 

Sulphate of lime , 

01854 

01412 

Sulpliatb of struutian 

01300 

013^0 

Sulphate of lead 

0 0830 

01398 


Mean 

01380 


The numbers m tltb second columi^pf both tables deviate very little 
from their mean, but there is no i^ious relation between the two 


means Identity in capacity for heat is, therefore, to be Idbked form 
compound atoms of the same nature, and which closely agree in their 
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c h^Tninal Telations^ like tlie niimbers of each group, but not bcWcen 
compound atoioB 'which ore difTerently constituted 

Our information on this subject has been greatly extended of late 
by the valuable researches of ‘M Begnault * The atomic heat ot 
bodies, as it is named by this chemist, is oblamed by multiplying the 
observed specific heat of each body by its equivalent, the latter being 
taken upon the oxygen sceilc Now product is found to vary for 
the metallie elements as the numbers 38 to 42, a greater difference than 
can result from errors of observation , so that the law of atoms is not 
verified m an absolute manner lJut if it is considered that the atomic 
weights of the simple substances in question vaiy at the same time fi:oin 
200 to 1400, the law must be adoph'd, as at least closely approximat- 
ing to the truth The law would probably represent the results ot 
observation in a perfectly rigorous manner, if the specific heat ol c.icli 
body could betaken at adetcirainate point of its thermometneal Bcali;, 
and* the specific heat be further discncurnlxicd of all tlic foreign m- 
lluciices which modify the observation, — such as the state of softness, 
with tl^ assumption of a ceftain portion of the latent heat of fusion, 
which many bodies exhibit beJore meUing entirely, — and the heat ab- 
sorbed to pioduce c^.itation, winch is very great in giiscs, much more 
loeble m sohd and liquid bodies, bid which can in no case be neglected 
(Heguanlt) An increase ot the tlcnsdy of eopper also, produced by 
lianuiienng it, is found by llegnaidt to ellect a sensible diminution oi 
its specific beat the lattei recovers its oiiginal value in the metal 
after being heated • 

The same element, in different conditions as to crystalline form, 
hardness, and aggregation, may vary greatly in its sprcdic heat, as is 
observed of carbon both by llcgnault, and by Delanvc and Marc*t t 
The results of the former are as follows — 


SPXOIFIC HEAl’ OP VABIETIES OF CARBON 


Animal diaicoal 

0 2G08:> 

Wood charcotd 

0 24150 

Coke of cool 

0 20.107 

Charcoal from anthracite 

. 0 30146 

Graphitev natural 

0 20187 

Orephite of iron furnocos 

0 10702 

Graphite of gaa retorts ^ 

* 0 203B0 

Diamond 

0 14687 


* On the gpecihc heat of simple and compound buclies 
■er t hxiu. p 5, and 3rd ser t i p 129 
t Anuoles, &c t Iizv p 242 


Aiyialns dt Cliimu,, &l 2iid 
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The calorific capacity of this body is the more feehle in propor- 
tion as its state of aggregation is greater • it is an instance of a body 
'wluch may exist with calorific capacities extending through a very 
wide range 

The following metallic protoxides of the formula MO,* protoxide of 
lead, red oxide of mercury, protoxide 'of manganese, oxide of copper, 
and oxide of mckcl, have aji atomic heat varying from 70 01 to 
76 21, of winch the mean is 72 03 , these numbers being the observed 
specific heats of the oxides multiphed by their atomic weights the 
some product averages about 40 m the elements Tlie atomic heat 
of mgg »p>-’« IS 03 03, and of oxide of zinc 62 77, expressed in the 
■■an.TTic manner, which agree very closely together, but differ consider 
ably firom the other protoxides 

The protosulphmets, of the formula MS, correspond nearly wijh 
the protoxides, — the protosulphurets of iron, nickel, cobiJt, 2 aiic, 
lead, mercury, and tin, varying from 71 34 to 78 31 , with a mcmi of 
74 51, wlulc the moan of the protoxides is 72 03 

Scsqmoxidesj of the foriunla M 2 03 ,*'give for the product j)f thou 
specific heats by their atomic weights, numbers between 158 56 and 
180 01, with an average of 169 73 they are^ scxquioxide ol iron, 
sesquioxidc of cluormum, arsemous acid, oxide of antunoriy, And 
oxide of bismuth, represented as Bij Oj, with an eqmvalcnt of 1003 C 
But the number of iduiniiu (Al^ O^) was different, being m the form 
of coruiidimi 126 87, and the saphirc 139 01 Two corresponding 
suljiliurets gave numbers somewhair higher than the oxides, namely 
sulphuret of antimony 186 21 , and sulphuret of bismuth 195 90, of 
wluch the meau is 191 00, 

,Two oxides, of the formula MO,, namely bmoxide of tm, and 
artificial titanic atul, gave the first 87 23, and the second 86 45 
The bisulphuret of non (pyntes) gave 96 45 , the bisulphuret of tin 
135 66 , the sulphuict of molybdenum 123 46, and bisulphuret of 
arsenic (A.sS,) 174 51 

Oxides, of the form MO 3 , gave the following results tungstic acid 
118 38, molybdic acid 118’96, sdicic acid 110-48, bone acid 103 52 

The suhsulphiirct of copper, CuaS, gave 120-21 ; *and the 
eulphuret of silver, usually represented Ag S, gave 115.86. 

The following chlondes, to wluch M. Eegnault is disposed to 
assign the commoiPformtda MaCIl,^ave results comprised between 
156 83^ and 163-42, with a meai^^ 158 64— chloride of sodium, 
chloride of potassium, chlonde of silver, subchlon.de of ceppor, and 


* M icprcBCDting 1 eq of metal 
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subchlonde of mercury.' The corresponding iodides ranged from 
162 30 to 109 38, exclusive of the iodide of silver, which was 180*45 
Of corresponding bromides, bromide of potassium was 166 21, 
bromide of silver 173 31, and^bromide of sodium 175*65 

Protoclilondes of tlio formula M Cl, iiarndy cldondcs of banum, 
strontium, calcium, mngncsiuiu, lead, mercury, zinc, and tin, were 
comprised betn*een 114 72 and 119 59 , with a mean of 117 03. The 
protochlonde of manganese was somew'liat loner, 112 51 

Of volatile bichlorides (M Clj), bichloride of tm gave 239*18, and 
chloride of titanium 227 63 , of which the mean is 233 40. Tlie 
two corresponding clilondoa of arsemc and phosphorus, M CI3, gave, 
the first 399 26, and the second 359 86 mean 379 51. 

The numbers for iodide of lead and iodide of mercury (M I) also 
closely aiiproximatc, the first being 122 51«, and the second 119 36 ■ 
iiTcan 120 95 Tlie lluondc of calcium (M h’) gave 105 31 
^le principal results obtained by M. llcgnault for the salts arc 
llirown together in the foUowiiig table Tlic equivalents given in the 
geiieitd formula arc those of the table at the beginning of this 
chaptci* 


Name of the Suit 

Odicnil 

funiiiilii, 

(M = 1 ( q of 
Tlictjl) 

Prodw t of 
the spceitii 
heals hy 
the ntoiiiii, 
wtlfthts 

Mean 

hiitnlc of poladi 

MO + NOj 

.302 »9 

■■ 

Nitrate of Bodi , 

(I 

297 13 

1 30172 

Nitrate of siUer 

ff 

30') 53 

J 

Nitrate of barytes 

(« 

21.R33 


MclaphoEphatc of lime 

MO + PO, 

248 01 

1 

Cblornte of potodi 

MO + CIO, 

.321 0* 


ArseDiato of potash 

MO + AsO, 

317.30 


Pyrophosphate of potash 

2 MO + PO 0 

393 79 


Fyrophoqihatc of soda 

«< 

3R2 23 

> JoU 01 

Phosphate of lead 


30214 


Phosphate of lead 

BMO + PO, 

397 96 


Arseniate of lead 

3MO + AbO, 

409 37 


Snlphat^ of poto^ 

MO + SOj, 

207 40 

1 20S80 

Sidphate of soda 

f« 

206 21 

Sulphate of haiytes 

fi 

164 64 


Sulphate of strontuui 

U 

164 01 


Sulphate of lead . * 

f> 1 

> 165 39 

V 16616 

Sidphate of lune . , ' 

•c 

16S 49 

Sulphate of magnesia 

t 

168 30 

) • 

Chromot^of potash 

♦ 

MO + CrO, 

229 83 
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Kune ot the Salt * 

Gencml 

formula, 

(M = l cq of 
metal) 

f 

Product of 
the apecific 
heato bj' 
the atomic 
weights 

1 

Mean 

Bioliromatc of potash 

MO + 2CrO, 

358 67 


Biborate of potash 

MO + 2BO* 

321 27 

1 81107 

Biborate of soda 

fi 

300 8S 

J 

Biborato of ]<’aJ 

ft 

258 60 

1 

Borate of poti-.h 

MO + BO, 

219 52 

1 210 00 

Bomte of aoda 

it 

212 60 


Bonite of lead 

» 

105 54 


Coibouatc ol potash 

MO + COj 

187 01 

^ 184 35 

Carbonate of soda 

€4 

191 05 


Carbonate of time (lecbnd spar) 

MO + CO 2 

\i\ 61 


Carbonate of litnc (armRiniilO 

it 

in 56 


Ditto (white sarcharoiJ marble) 

41 

13C 20 

i 

Ditto (grev sncthni'oid inarblt) 

tt 

132 45 


Ditto (white chalk) 

ti 

133 57 

1 ‘ ' 

Caibonate of bajvta 

tt 

115 00 


Carbonate of atrontian 

<4 

13.1 58 


Carbouatc of iron 

• 1 

188 16 

V 1 


Tlic results of ]\f Regnanlfc on tlio sjjecific* heat of compound 
bodies arc of great iiiteicbt uith regard to tJie question of the divi- 
sion of the atomic weights of coitam element'!, to winch reference 
lias been made Tlicy establish an equally close rcLitioii between the 
specific heat of analogous compounds as exists among elementary 
bodies. The geneial law is announced by M- Ecgiiault m the fol- 
lowing manner — ''tn all compound bodies, of the same atomic 
composition and similar chemical constitution, the specific heats aic 
in the inverse proportion of the atomic weights " This law compre- 
hends, as a particular case, the law of Dulong and Petit for simple 
bodies, and appears to be verified by expeiiment within the same 
limits as the latter 


EELATIOU BETWEEN THE ATOMIC WEIGHTS AND VOLUMES OP BODIES 
IN THE GASEOUS STATE 

I 

Several of the elementary bodies are gases, such as oxygen, hydro- 
gen, nitrogen, and 4]iloniK!., and the proportions in which they com- 
bine can be deterramed by measure, wli equal, if not greater facility 
than by Veight Now a relation of the simplest nature iS always 
found to subsist between the measures or volumes in which ^y two 
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of the gaseous dementarj bodies unite. This aiiscs from the 
rircumstance that the specific gravities of gases cither corrcspoiiil 
exactly with their atomic weights, or bear a simple rcldtion to them. 
The atom of clUonne is 35 J tunes heavier than that of hjdiogen , 
and chlorine gas is also 35 J times heavier thYm hydrogen gas, so that 
the combining measures of these two gases, which correspond with 
single equivalents, are ncccssanly cfiu.il The atom of nitrogen, and 
its weight as a gas, being both 14 times greater than the atom and 
weight of hydrogen gas, tlu'ir combining volumes must be the same. 
The atom of oxygen is eight times he.mer than that of hydrogen, hut 
oxygen gas is sixteen times heavier than liydrogeii gas, so that taken 
in equal volumes these two gases arc in the proportion by w'eight of 
two equivalents of oxygen to one of hydrogen ITcncc, in the com- 
bination of single equivalents of these elements to form water, half a 
\oTiune or measure of oxygen g<is unites with a w hole volume or 
incashrc of hydrogen gas One volume of nitrogen also unites with 
half a volume of oxygen, and with a whole volume of the same gas, 
to form respectively tlic proto tide and dcut oxide of nitrogen 
The exact ratio of one or two in which oxygen and hydiogen gases 
combine by measure^ was first observed by Humboldt and Gay- 
Lussac m 1805. The subject W'as pursued by the latter chemist, wlio 
established the simple ratios m which ga.scs generally combine, and 
pubhshed the laws observed by him, oi his Tlicory of Volumes, 
shortly after the announcement of the Atomic Theory by Dalton 
They afforded new and independent evidence of the combination of 
bodies in definite and also m multiple jiroportjons, equally con- 
vincing as the observed proportions by weiglit in which bodies uiutc 
Gay-Lussdc bkewise observed tliat the product of tlic union of tw;o 
gases, if itself a gas, sometimes retains tlie ongiual volume of its 
constituents, HO contraction or change of volume resulting from their 
combmatiOti: — thus one volume of nitrogen and one volume of 
oxygen form two volumes of dcutoxidc of nitrogen, one volume of 
chlorine and one volume of hydrogen form two volumes of liydro- 
chlonc acid gas, and that when coutraction follows combination, 
which is the most common case, the volume of the compound gas 
al vays bears a simple ratio to the volumes of us elements Thus two 
volumes of hydrogen, and one of oxygen, form two volumes of steam ; 
one volume of mtrogen and three ^f hydrogen gas form two volumes 
of ammomacal gas ; one volume ot' hydrogen and one-sixth of a volume 
of sulphur-wapour form one volume of sulphuretted hydrogen gas. In 
these andoall other statements respecting volumes, the gases com- 
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pared are supposed to be in the same cucfunstaiictBs as to pressure 
and temperature 

The uniformity of properties observed among gases fti compressibi- 
bihty and dilatability by heat, has appeared to many chemists to 
indicate a similanty of 'constitution, and to favour the idea that 
they all contain the same number pf atoms m the same volume 
May mot equal volumes of oxygen and hydrogen gases, for instance, 
be represented by an equal ntimbcr of atoms of oxygen and hydro- 
gen respectively placed at equal distances from each other, and the 
ditferenee of sixteen to one iii the densities of the two gases an so 
from the atom of oxygen boiiig really sixteen times heavier than that 
of hydrogen ^ Equal volumes of gases u ould then contain an equal 
number of atoms, and one, two, or throe volumes would be an 
cqmvalcnt expression to one, two, or three atomic proportions, the 
torms robnne and atom becoming of tlie same import, or expipcss. 
mg equal quantities of bodies But such a view is obviouly inap- 
plicable to compound gases, iis their volume has a vandble relation to 
that of their elements, , and its adoptioci would require grave altera- 
tions to he made in the atomic weights of scvci.il of the elements 
themselves, to accommodate those weights to the observed densities 
of the bodies in the gaseous state. Tins will' be seen from the fol- 
lowing table, in winch the volume or fractional part of a volume 
placed against each element always conhiins the same number of its 
presently received atoms. These volumes are, tlicrcforc, the equiva- 
lent volumes of the elements, and ^ay be viewed as representing the 
bulk of their atoms in tlie gaseous state, thc,comhtmng vieasurc oj 
hydrogen being taken as two lolumrs 


ATOMS 



Volume 

Weight 

Hydrogen 

2 


Nitrogen 

2 


CLlonnc 

2 


Bromine 

2 


Iodine • 

2 


Mercury 

2 

100 07 

OiygCii , 

h 

8 

Phosphorus • 

1 

32 

Arsenic 

• 

1 

76 

Solphnr 

i 

1» 

— #A 
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Of the first six bodies emimomtetl, oiiniv.xleiit weights ocenpj onch 
two voIiuTir^ It waSj indeed, the ohson.itK^ii of tins eqii.ilitx' bc'h\cc n 
the .itom and volume m these gases, that led to the sup])Os]tinii el 
ilial relation being goiieial Jhd the atoms of oxjgc'ii, jihosphonis, 
,md arsenie, oeciijij’ only one volume, and Mould lequue to be 
doubled to fill the same xoliinie as the jmcidiiig fl.iss^ oi tlu' hittei 
latlicr jirc, served fixed, and the foinieistlass dnided In tno The 
pM'seiit atom of sulphui alibi Js only oiu-thiul of a xoliime ol 
\,il)Our, and must, theicfoie, be innltijihed by sjx to allbid Imo 
toluiiies 

ft Mill be found coudinne to pcrspiouity (t) apply the exjircssion 
I iiiiihiiuJif/ to tlie \ohime oi xtdmiu-s of a g.\> mIikIi 

iitir iiilo eoinljmalion The (oMilminig nii asiut' of o\ti;eii biiiig 
Ilia ,\ol lime, the (omlnning measiiie ol hydio^eii and iK fhi's \m 1| !)e 
1' 0 \oliiines, Ol the aloin ot owgcii ufixes one, and tlie atom ol 
lodtogin two volniins ot nas \ olumes of Hie tjasi s ni.n he iiine- 
siiih'd by equal sipiaies Mifli then idative weiifhls nisinlnd, ihe 
iiiiiiihtis iiating relereiiee to the nuuibei asMgiud to ihe owgni 
Mihiine If lhal nninhei he H, oi Ha aioinn m tight of onm'i'h, as in 
toliimiil of file table nhieh folloMs, Hieti Hie number lobe iiisenbed 
111 (Mill of tlie tivo volumes foimiiig Hie eoinbinnig naasiue of 
liithogcii Mill be 0 5, or half its atomu MeighI, ihe tomlmiiiig 
iiieasnie itself having tlie full aiouiie Moiylit of hydrogen, namely 1 
S(i,()l othei gases, Hie eomhming ineasuic has Hu* whole atoniK weitthi, 
wliieli IS divided among the component volumes Ibit (hen' is tin 
leasoii for piefemng the luunbei 1105 0 to S foi the sfamlaid 
ov\ gen volume, Hiali the ueight ol a volume of tut being laken as 
11)00, that ot an equal volume of owgen is 1105 0, and eoiii 
se([uenlly the corresponding uumber tor the volume ot hvditigtn, 
00 ‘1, expresses the relation iiiMeighl ol that gas also to air, md so 
do Hie corresponding umiibers toi all the oHiei gases The minilx'is 
on Hus scale, Mdiich exjirc&s the relative densities of a volume ol eadi 
r?‘'s, and aic iiiscnbed in the squares of column Si, aie indeed the 
lominoii i^pec\fic ytanlio\ ttf the f/ase't 
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I 

Atomic wciglit 


« 


Comliimng 

uiLasure 


Air 


II 

Combimiig measure 


1000 


OiTgeii 

1 

4 

8 

1 

IIO^C 

riioi])iioi 119 

*12 


32 

< 

1 

4422 





1 





05 

• 

GO 3 

[Tyil logon 

1 


0 5 

» 

CO 3 




17 75 


2153 

Cliloritio 

3 '5 ■) 


17 75 


2 1 53 


The (loiihle squjiro^, which represent the eoinbming measures of 
hydrogen and elilorme, are dividei^ niJo volumes hy dottvd hues, to 
shew that tile diviMon is iiii.Mfiiuirv, tlic partilion of a coTuhiiinig 
measnie, like that of an atom uliieh it represents, being iinpossihle 
Tlie speeihc gravities of gases liemg merely lIic relative iveights of 
equal volumes, in.iy be c\]iresscd by the numbers in the s([uaTes ot 
the first column , and the specific giavity of oxygen being accordingly 
made 8, the specific gravity of any other gas will either be the same 
number as its atomic weight, or an aliquot part of it Or if the 
specific gravity of oxygen he made 1 or 1000, the relation of densities 
to atomic weights will still he very obvious (Sec page 80) 

The eombmmg measures of compound gases, although vanahle, 
have still a constant and simple relation to each other — such as 1 to 1/ 
1 to 2, or 2 to 3 , their elements in combining suffering cither no 
condensation, or » definite and yery simple cli&ngeof volume IIcikc 
the density of a compound gas may often be calculated with moic 
precision from the densities of its cbnstituents, and a knowdedge of 
thip cliange of volume, if any, which occurred in combiiiatjpn, than d 
can be determined by expenment 
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To deduce on this pniiciple the specific gravity of steam Water 
ronsists of single equivalents of oxygen and hydrogenj of wliuli ilu 
combining measure of the first is one, and that of the second two 
volumes These tht ce volumes \rcigh 1103 6 ^ 69 3 + 69 3=1 2 It 2, 
and they form two volumes of steam , of whitli one volume must, 
therefore, weigh 1244 2 (hvided by two, or 622 1, which is, coii- 
scciuently, the calculated specific gravits of steam, rc'ferred to that of 
nir as 1000 The iclations in volume of the gases before and tifler 
( ombuiation may be thus cxlubited 


Coiubmiii" mpnsurc, or one Ciimbuiing iiu isnn , or (wo 
lolnme of ox\gcn volunicH of li^diogi n 


Ciiiiibiniiig mciMiic, or two 
ril si (mil 


1105 (i 



I G0.1 


I 

un 1 

i.Ji 1 


12113 • 13113 

9 

It thus appears necessary to insenbe 622 1 m eath \olunic of ste.nn, 
to make up 1214 2, the known weight of the (wo volmnes 

In the formation (i? liydrochloiic acid equal measures of clilonni' 
<ind hydrogen unite without eoiideusation, so that tlie jirodurt pos- 
sis-cfi the muted vohnnfs of its conslitnent gasis 


( mnliiiiiiif' mcssiuc 
of Ji\ilmpcn or Iwo 
vobimts 


Comliiiiiiig nil i«iiii' 
of (hlonnp cy two 
\ nlumi s 


( Diiiliiiiiiig im isiiK of 
hiiliorliliiiir K'lil or foiii 
MiJiimrs 


O') ^ 


2 r>s 


Uf.l 1 

13 (>l 1 


Y 





09.1 


2453 


12 (>I 1 

1301 1 









5044 « 


'lOUfi 


Tlio specific gravity or weight of a single volume of h\diochloiic ufid 
IS, therefo-c, obtained by ihvnhiig 5044 6 by 4, and is ] 261 1 
• Tl'e specific gravity of the vapour of an elementary body w Inch 
there axe no means of ascertaining experimentally, may sometimes be 
calculated from the known density of a gaseous confound containing 
it The density of carbon vapou? may be thus deduced from tlu* 
observed density of carbonic oxide gas. Assuming that the cclmbiii- 
iiig measure of carbon is double that of oxygen, as is true of hydro- 
gen and several other elementary bodies, tben carbonic oxide, which 
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like water coiisisfs of single equivalents of its constituents, will 
roseinble steam in its cftnstitutiou also, and be cofliposed of one 
volume of oxygen gas, ,iiul two volumes of carbon vapour coiidcnsi'd 
into tno volumes Tlia nnght of a'single volume of carbonic oxide 
being 972 7, tno loliinus (1944 d) may be resolved, as shewn m the 
diagram belon, info oni volume of oxygen, 1105 6, and two volumes 
of carbon-vapour, 839 8, (iy/45 4 — 1105 fi = 839 8) each of wliieli 
it follows imust neigh 11 9 9, or 420 


rombimn^ im isiirr or 
tno soluinrs of rnilxmii 


ComlHiiiiiK incjsmr or 
one \olunu ol o\}p n 


('uial)iniiif! incasuri or 
ISSO \llllllllLH ol I llljjll 
va]M)iii 


07^7 


l" ' ^ 

1 Ii9 9 


+ 


973 7 


ll9 9 

L_ 


ISlI I , 1013 1 

But the density 4 20 Ihus assigned to carbon vapour vnfl only be 
true if it coriesponds with hydiogeu in its combining jneasme , but 
tlic combining measuie ot carbon vapour may as well be one-Iialf 
that of bydiogen, like that of phosphoius, or onc-sixth, like tliat of 
sulphur, and then tbe density will be double or six times that sup- 
posed Tlie important rondijsiou, howevn, tliat the density of eai-* 
bon vapour is eithei 4-20, oi somf multiple oi sub-multi])lc of that 
number, is quite ceidaiu ' 


• Tlie following 'Pable com])rises nearly all the accurate infoiiiia- 
tion which chemists at pjesent jjosscss icsjJCcLing the specific gravi- 
ties of giiseous bodies The bodies jdaced first m the table arc 
generally considcied as hdongiug to the inorganic, and those in the 
latter part to tlie organic department of the science. They arc d! 
experimental results, with the exception of two or tlirce cases whith 
ATI’ calculated The specific gravity of carbon-vapour is assumed 
here ns siv-sixteenths of that of oxygen (1105 6) * , 
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table OE SPECIFIC! (UUVITY OF (JAvSES ANU A'APOERS 


X 




SPLlIFir (iliAMlI 


Njiuis of buljslunc ts 

I’lopoiliuii of nil cq 
III i ^oSllnL 1 

\ir - 1 

()\MI = 1 

11 =1 

OI) 

'‘11 \ 1 1 

Siiljiliiir 


fi6J7 

5983 9 

96 

u 

Ovxgi n 

(> 

> 1103 Cd 

1000 

1(1 

It 


.> 

I <53 

.<9 IS J 

(>1 

D 


Ai 

lOhOO 

‘J5SG G 

150 

M 

Ihdio^i-ii 

11 

— 

2 

O'J 3(> 

(i3(> 

1 

1. 

1 

( iilfitii (^InlHitlu 1 k«i1) I 

(' 

-tUlil 

<75 

u ‘ 

1 

lltltl 


) ' 

1 




1 

1 

Nili ) 1 11 

\ 

•Jll !7 

S7S 5 

1 1 

1C 

( lllnlllll 

< 1 

2 

1131 1) 

3 ISO 9 

.<5 5 

C. 1. 

l>llillllll( 

Ui 

i 

•>5|l) 

5009 7 

7^ 

\1 

IikIiik 

1 

1 

SI III 

'(SM 

130 

1) 

j Mui III V 

It. ‘ 

1 _ 

, 

(.■171) 

(. JOS 5 

100 07 

i) 

iiii 

IK) 






l«33 

(i 

9 


1 < irljDiiic oxiJl 

( o 

•)71 3 

S75 

1 1 

Cult 

1 

3 





I’liiloxiclc of intjogui 

M) 

3 


1375 

23 

(1 

* >til>uiiic. auil 

(-»), 

2 

1531 5 

1 

U78 0 

23 

II u 

Clilorocuiboiiic acid 

1 

t'OCl 

2 

3399 j 

f ,mis 

10 0 



A* 




Sulphide of caiboii 

eSa 

2644 7 

2391 6 

38 • 

G-L 

% 

3 





•Jjd«)8iilj,limic ucid 

ITS 

11912 

'*^077 3 

17 

G T 

L 

2 
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Proportion of an cq ^ 
tn 1 \oiintie | 

Spsciric Gravitt 

Ob 

floncri 

Names of SubatancLs 

Air = 1 

Oiyg 1 

H =1 

Ily^jOchloTous arid 

CIO 

— — • 

• 2 

2>)08 4 

2623 4 

43 6 


Cyanogen 

1 

NC, 

2 

* 

1800 4 

1633 7 

20 

G-L 

1 Sulphurous acid 

2 

123 

1283 1 

32 

II-D 

1 Snlplimic oLid (aulijdroiii) 

SO, 

2 

dOOO 

2713 

40 

M 

CMorosulphiuic acid 

SOj Cl 

2 

4AG5 

4210 

67 B 

R 

Chloride of sulphur 

SCla 

2 

3085 

3332 7 

%1 5 

• 

-D 

Arsciuons acid 

A.O, 

13850 

12520 

108 

M ! 

Sulphate of water at 848° 

HO. SO, 

2 

1680 

9 

1519 

% 

24 6 

B 

Chlonde of mercury 

IlfiCl 

2 

2800 

8862 3 

135 6 

M 

Bromide of mercury 

llg Br 

2 

< 

12100 

10996 6 

178 

M , 

Iodide of mcTciuy 

Hgl 

2 

15G30 

14134 6 

226 

M 1 

fiiahloride of tin 

hnCl, 

2 

9109 7 

8389 4 


D 

Bichlonde of titanium 

TiCl, 

2 

6876 

6181 9 


D 1 

Sulphurct of mercury 

3 

5610 

4982 9 

77 3 

M 

Pento- chlonde of pho&phonis 

PCI, 

8 

3680 

8389 

ii 876 

C’ ' 

f' 

Fluonde of eihcnim 

SiFl, 

3 

'f « 

SiCl, 

8 

8600 

8866 6 


D ' 

Chlonde 8f silicinni 

&08B 

58707 


D. 

t 

T?^AJbr>fi1nnft nnd 

HCl 

12474 

1128 

• 

18 25 

B A 


4 

1 
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1 

'I'roiMirlion of an cc 
in 1 \oliuue 

1 SprciFic Gkaviiy 


N>imc8 of SubetaucGS 

• 

Aii,= ] 

|Oxyg = 1 

11 =1 

SOI VI rs 

IIjdrobTOiiuc acid 

llilr 

2711 

2109 7 

30 6 



4 





Ilydnodio aciil 

1« 

4443 

4017 8 

63 6 

G-L 


4 

h 




Ilydrocytmic acid , 

IlCy 

947 c 

856 9 

13 6 

G-L 


4 





Clilondc of cymiogcn 

Cy fl 

2111 

1908 0 

30 75 

G-L 


4 





Dcutoside of uitrogcn 

NOj 

1036 8 

039 3 

15 

B’ 

• 

4 





Peroxide of uMrogen 

NO 4 

1720 

1555 4 

23 

C 


4 





Ammania . 

NU, 

590 7 

530 0 

85 

B &A 


^ ” 





• 

4 





l*Iiosphurcttcd hydrogen 

PHa 

1214 

1007 8 

17 25 

I) 


4 





llydndo of arsenic 

AsIIa 

2096 

2437 

30 

1) 


4 





• Tcrchlonde of phosphoma 

I’Cl. 

4875 

4408 5 

09 75 

D 


4 . 





Tcrchlondo of arsenic 

. AaCl, 

0300 0 

5697 7 

91 6 

D 


4 





Chlotiile of biemulh 

fliCl 

moo 

10092 1 


J . 


4 





Iodide of anenic 

Asl, 

10100 

14500 

220 5 

M 


4 





Subchlondc of mercury . 

Hg, Cl 

6350 • 

7561 

136 

M 


4 





<Q 

^Subbromide of meNmy 

Ilga Br 

10140 

9170 

180 

M 

■ 

4 

• 




Flnonde of boron _ 

BF, 

2312^4 

2001 2 


J-D 


A e . 


0 



Chloride of boron 

Ba. 

8942 

3664 8 

• ••« 

B 


4 





• 

Carboretted hydrogen 

C. H. 

550 6 

*5061 

8 1 



4 



1 
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Nilulls uf Snijbtiinf i >• 
Methylene (t*; 

OlcflilUt g(l9 

Oil gHH 

(Jttcin 

OIlcik 

lilu c ti< 

Amilcne 

Nnphthnlinc 

PnrniKiiilidinhiic 

UlU 7LI11 (IlCII/dh) 

Ttreljuu 

Cilrtiie 

RetmBplith.'i 

ItcliiiiU 

lletuioli 

Sweet oil of w uc 
Volatile aweet oil of ethei 

Mentykue i.ai 


SpEcinc Gravity 

Proportion of mi cq — 

|oi 1 'loliiiiie I Air => 1 .Oxgg = 1 II = 


CjIIa I 

(DO 

443 

7 

4 * , 

1 




. . 

•)t)3 2 

891 

14 

1 ' 




/ 


1 


<’elU 1 

181)2 

1711 

28 



1 


^ *1 j ^ ^ j j 

rt007 

1 

7240 8 

113 

j- 


1 1 



1 

287'> 

l 

‘2000 8 ; 

42 

i 




- II. . 


1 


1 tt 1 h 

III? 1 

> 3G81 5 

•^63 

4 





'iOOt 

1 t570 6 

70 

1 • 







4 

<■ .. IL 






1072 

bl 

t 

» 



<'.nll.. : 

(,7-11 

0090 

96 

' 1 “ 1 




> II., 





'’77<‘ 

250> 

39 

t • i 




1 

—1 

1.109 

68 

1 

r „ If 





1891 

4422 8 

68 

1 




( . . II 




1 1 ■ * to 

3230 

2921 

46 

% 




*'« 8 II I2 

42 12 

3836 

60 

1 







( 


7110 

6420 7 

104 

t 


1 


t'.oll. 

0476 . 

8560 3 

1.36 

• A 




C,H, 





8966 

3582 

67 

2 




C',jll, 



a 


2805 

2836 6 

40 

4 





1 


01, 

serius 


T S 


r 


I) i’ 


p'” 




F’ 


C' 


I) 

1) 


M 


1) 


C” 


1’ W 

V M 

y AVc 
H 

M 

C’ 
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Proportion of an tq 
lu 1 \uliime 

Sp>tlKr( CrllAVlTY | 

(H)- 
•'f n ers 

Names of Substances 

All* = 1 

Onvg = 1 

tr =i 

iVoodspint 

Cttll^Oa 

^ 

4 

1130 1 

» ' 

1012 8 

16 

i 

D !■ 

Methylic ether 

(’allaO 

2 

i 

1C17 

1462 3 

23 

Ttl 1 

1 

1 

Methvbc ether (monochJo- 
] luateil) 

Ca Ha CIO 

2 

dOO‘1 

3")2<J 5 

57 5 

K i 

1 

1 

Mtlliylit elhtr (bithlorinattil^ 

Ca llCla O 

C 

211 > 

1912 b 

30 66 

11 

lie etlu r (ptrLhlunuattil; 

CjCl, O 

o 

1670 

1JJJ2 

62 75 

hi 

fornnL aeid ut 321 1' 

C. HaO, 

1610 

1156 

23 

11 


4 





SiilphalL of uictliyl 

Ca H, S 

1 


5157 « 

<Jt 

Id 

( hlondo of (Ml bon 


5 530 

tS20 

77 

u 

( Idonde of cm lion (<niothti) 

4 

5h2() 

■>203 1 

83 

Id 

Cbloriile of tnrbon (tuioChte) 

1 

sri; 

7J7(i 5 

US 5 

Id 

( 'htoTidc of iiiclhi 1 

, t'jHa’fl 

1 

1711 

J 51.5 1 

25 25 

D P 

('lilfindc of jndh^l (mono 
( lilaniiatcil} 

('alia (la 

1 

JO 13 

1731 

42 5 

[t. 

lluonde of iiKth>l 

Call a F 

UHO 

1072 5 

16 5 

IJ P 

toihde of methyl 

C'alU 1 

4 

48HA 

1115 8 

70 5 

1 

Id 

Ijolphatc of nicthyl 

Ca If, 0, SO, 

2 

4565 

• 

dl2h 1 

6.1 

Id 

Nitrate of methyl , 

Oa lla 0, NO, 

261^3 

23'J« 0 

! 38 5 

Id 

2 



Formiatc of mi thyl 

C* H, 0, Cg HO, 

SOM 

lfiS4 5 

80» 

Iff 

4 



Vcctate of iaetli\ 1 

c,H,o,c«n,o, 

5563 

2317 7 

37 

Id 


4 
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Names of SubslaiicLs 

t’loiKjriion of on cq 
m 1 volume 

Mclliylal 

CallsO, , 

« 4 

Akohol 

Morcni>tiiii 

^4 • 

11 a Sj 

4 

Ether 

i 

Siilphuiet uf Lth}1 

C. Ill, s 

2 

Chluriilc (if eth} 1 

C* II* Cl 

4 

Chloiidc of ethyl 
eliloniiatcil) 

1 

Chlorulcof ctlij 1 (liiclilorin.ilLd) 

(•4 H, <’ 1 * 

4 

Clilorideof cthy 1 (IriLhlonnatcd} 

f ’4 <'l4 

4 

Chlondc of ethyl (quadncMo- 
nuuted) 

0, Tin* 

4 

t 

Iodide of ethyl 

<'4lI»I 

4 

Nitwus ether 

(\ II, 0. NO3 


4 

ChloiocBihomc ether 

t^IIaO.CjOeCl 


4 

Sulphurous ether 

.C, II, 0. SO, 


2 

Oxalie ether 

^4 


• 2 

Sihcic ethei (tnbisic) 

3C, H, 0, SiO, 

• 

3 . 4 

Bone ethei*(tnba8ic) 

8C, H, 0, BO, 


4 

'Aeeti»-Mier . . , 



4 



3478 1 

3145 2 

49 5 

B 

1 

• 




4530 

4096 6 

66 75 

B 


1 * 



5709 

5244 1 

1 

64 

Id 

0975 

6307 6 

101 25 

'Id 

5475 • 

4951 2 

77 5 

G L 

2620 

2374 7 

37 6 

D H’ 

3820 

3462 6 

54 25 

D 

4780 

4323 

69 

£&B 

5087 

4600 8 

73* 

D B’ 

7!I10 

6621 

104 

E 

6140 

4640 


EftB 





8067 

2778 6 

44 

Id 
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Names of Substances 
Bensoic ether 

Snccimo ether 

Pyromucic ether 

(Jinonthic* ether 

Dutch liquid 

Uronnde of aLeliant gas 

Chloral 

a 

Cliluroforra 
Aldehyde 
Alcarsin . 

Acetic amd at 482° F 

Chloracctic acid 

Acetone 

Benzoic acid 

( 

Hydnde of aalicyl , , 
Engcme acid 
Camphor . ^ . , 

4 

ITreQume 


Proportion of on cq 
111 1 volume 

C4llsO,C.^H^O, 

« 

4 

C 4 lls 0 .i.\ll ,03 

2 ^ 

4 

C4II.O.C.4II..O 

2 

C4 H, (1, HCl 
1 

lla Br. lIBr 
4 

tU HCl, O 4 

C4 ltd, 

4 

C^IU^ 

4 


Spec inc Gbavity | 

Oh. 

A* == 1 

Oiyg =1 IT =1 

i^cr\cis 

5409 

4899 71 

Id 

» 

1 

1 


6220 

6624 8 1 87 

s 

4859 

4Hy4 1 1 70 

1 

M 

10508 

1 

1 

9502 5 ,150 

h &uV 

311.3 

' 3113 5 4‘J5 

1 

G-BD 


f)lS5 5801 5 ' 01 K 

I 

— - 51 JO 1030 1 j 7375 1) 

I 

'(Ij 

— 4109 3797 a I 05 78 1) 

1532 1385 1 I 22 B 


C4 H<, As 


C4 IICI, O4 
4 

C, llo O* 

4 

C ,4 Ilfl C4 

4 

c.4n.o« 

4 

Cao Hia Cs 
4'» • 
Cge Hia 
4 

C, NH, O4 
4 


7181 , OJOGO 103 B 


2080 ! 1879 8 30 C” 


5300 4792 9 81 75 D 

2019 1825 8 29 Id 

4270 3801 1 61 DM 

4278 3807 1 61 P 

eJOO , 5787 0 86 D 

5468 4945 7 70 Id 

8096 S800 44 5 ' 
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VOLUMES OT ATOMS IM THE GASEOUS STATE. 


After the name of each substance m the preceding table is given 
the formula ot its equivalent, which is divided by the uuinbci ol 
volumes of vapour wliicli the equivalent gives and tlic coinbiiniig 
measure coiitiiius The c([Uivalciit tlyas divided therefore expresses 
tile composition ot a single volume of the vapour Tlie lirst column 
of numbers (ontaiiis the specific gravities releired to air as 1000 , the 
second, in mIikIi the ‘.jieufic ^avilics aic expressed with reference 
to that ot oxvgeiias 1000, is obt,uucd by dividing tlie former spccilie 
gravities by 1103 0, the specific giavityot oxygen g.is In the thud 
eolumii, the sjiccific gravities arc referred to hydrogen as 1 , and 
f on>.Ltiueiillj the nninbcr for any vapour expresses how many tiinei 
that vappur is he.nier tli.in hydiogen Tlie nuinbers ot tins column 
only .lie obtained by calculation fiom the equivalcriK, and arcthercloic 
the theoretical densities it divided by 1(5 they give corrcspomliyg 
tlicordical dcnsitns on the .scale ot oxigcii equal to 1 , oi il divkled 
by 11 11(1 (the uiiinboi ot times nhidi an is hcavioi tlian liyduJgeti) 
1 hey give the tticoietu at densities on the scale ot air equal to 1 The 
letter or lotUrs in the last (oluniii iefer*lo the iiaini' of the ^obscivci 
on Avhosc autlioiily tlie < xiienmciital spetilie giavilies ol the lust .md 
seeoiid columns ot mnnbi is aie gi\en ^ 

All extiaoidiiiaiy vanahon in llie spccilic giaiity ot aidic acid at 
(rill'eient tempeiatnrc s was ob-eued by J\1 iHinus, vliuh is cun- 
tnmed by^ M Cahouis <uid llinoau,i and (Ik* auomiily louiid In 
extend to ccit.iiii acids allied to tlie aeetn , namely foiiuic, huty in, 
and valc'riamc ac ids q'hns the vapcfni ot acetic acid (11 O, 11 J),), 
has .1 specidc giavily of 3200 at 1^5° Ceillig, 2180 at 100° C, 
2220^ at 200 , 2090 at 230°, 2080 at 230°, and retains the last 
specific gravity, which corresponds with the theoieticdl density of 
four volumes fiom one cqcmalciit, at highei temperatuses , the 
observation being made up to 338° C. Tins vapour has, indeed, been 
observed with a density so great as 3950, under reduced pressure, and 
at a low tcmpciatuie, namely 69° I’ahr The vanatiou is probably 
accounted for by consiclenng the acid to be bibasic at low tempera- 

• \ sig.i.l.o.Fd.x,rArr(A, H, Bunsen. 1}’. Bcmrd. BA. Biot and /rngo, Bl), 
Bmehus nnd Bcilong . C, Golm, C’, CrmUlianlcs, C”. Cohonrs, D. Dumas, T)'l. 
Dumas Dud Boussiugault , DB’, DuinuH niid P BouUay, DP. Dumas and Peligot, L 
Ebelmcn, K aud D, EbelmciK and Bomintt. F’, Fremy , G-L, Gay-Lusaac . Gl’’ 
Gay-Lussac and Tlicnard L, Licbig , « ickg and Pdouze, M, Mitschcrlich Al’, 

Mnlagiiti^ P, Pinn, PW. IMetier aud Walter . B,BegnBiilt. TS, Theodore do Sanssurc 
The table lUelf is that given by M Daudrunont in hu exccUent Trmtd do Chimic, some 
iHlat modified and extended 

f^unolcB do Chimie^ &c 3‘ str t xvui p 220 • 
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tures, with a double equivalent and double deti'^ity, and to assunio 
])rogressively the molecular form and siiigje deubitj of the moiiob.isic 
acid, as the temperature nse<» Tlic acid undergois no jiorm.iiioiit oi 
fonstitutional alteration at theMiigliest of 1ljc tL'niperatiircs speeifud, 
but eondensc'i again in posbession of all its usual properties \ 

Biitync acid lias a density of’ 3680 ,d 1 77° C , n hicli falls to 3070 
at 261° C , and remains the SrUiic .it 830° C Val< name, and ga\e 
similar results, but the vaiiatioii ivas less excessive (Cdlioiu s ) 

I’oiimc acid v.i])our \ias observed by M Bineau with a spenile 
gravity as high as 3230, under a prcbsiirc of .iboiit oiie-tiltnth ot an 
atmosphere, and at the temperature of o L° 1' , n bile it raictied to 
1610 at 416° Bahi , uiuh'r the usual atinospheiic piessnre The tno 
sorts of molecular groups of tins acid eoriesjiond lespectively uitli the 
sjiccific gravities, 1590 and 3180, in tlie fust case the ordinaiy 
equivalent (Cj Tf O^ + II O) gives four, .nid in the bi'cond tuo 
equivalents of v.ipoiir 

The acetic and othei acids of this ehiss were fonnnly supjiosed to 
give thr?c volumes of vajiour, but it is doubted nhether the jiropor- 
bons of three and six volumes exist at all, or that the vnpourous mole- 
cule of compound budies is o\ei dmsible c\ec])t b} 2, t, or 8 Thiee 
compounds of sUicium form exceptions to this riih' — the ihlonde 
Si Cl„ and the cories])oridirig fluoride and ether, uliich give lluio 
volumes I'rom this circnnistance, .ind the analogy n hic h subsists 
betueeii silicic acid, and the titanic .icid and binoxide of tin, it has 
been proposed to diinniish the eijuivalcnt of silieinm oiu'-tlurd, rcpie- 
senting silicic acid by Si Oj, and, in coiibcipicncc, the cblonde and 
fluondc of siliciimi and siheic ether would jiosscss, lu tlic state of 
vapour, a molecule divisible by 2 Two oblonnated f omponiids'ol 
methyl liiid the siilphuret of menury are the only othi'i subslatiees 
of which the cqmvaleiits are divided m the table by 6 or 3 

The specific gravity of the vapour of oil of vitriol 11 C), S O3, was 
found to vary from 2500 at G30°h'.ihr , to 16,80 at 928° b’ahr This 
substance should have a density of 101«0 on the hypothesis of the 
union of the anhydrous and and water without condensation , a num- 
ber which corresponds sufficiently well with olyscrvations of the density 
made at temperatures above 750° Tahr. But the vapours of the acids 
are not the only bodies which present sujh anomalies, the oils of 
aniseed and fennel, which are pradbtly neutral, oftcr simdar results 
Thus the vapour of the oil of aniseed vanes in specific grav/ty fiom 
5980 at 4)73“ Pahr to 5190 at 640° Balir , its theoretical density 
being 51^0 The grentei part, liowevei, of the compound ethers. 
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and a large number of the volatile oils, particularly the pure hydro- 
carbon oils, furnish, at frqm 60 to 80 degrees above the boiling 
point, numbers which accord closely with theory. 

The specific gravity of the pcntacWonde of phosphorus, taken by 
M Mitscherlich at SSS^'ralir , is represented by 4850,uhich led to 
the conclusion that the molecule of this compound gives six volumes 
of vapour But M Cahours finds that the density of tins vapour 
vanes with the temperature, from 4990 at 374° to 3656 at 621°. 
about 554° the density is 8680, which corresponds with eight 
volumes of vaiiour 

From these tables, it appears that ,i simjilc relation always subsists 
between the combining iiicaMircs of fhtfcrciit bodies in the gaseous 
state 

That the combining measuie of a toiv bodies is the same as that of 
OX) gen, or one volume , of a laige number, double that o‘f ovy^en, 
or tuo lolumeit , and of .i still hiigtr number, four tunes that ot 
oxygen, or four lohimett , while combining measures of other niim 
hers of volumes, such as f/tree and t>it, or ol fractional portions of 
one volume, such as one-tlnrd, are comp.iiatively rare 

That the spceihc giavity of a gas may be calcuh ted from its atomic 
weight, 01 the atomic weight from the specific gravity, as they aie 
necessarily related to each other 'J’hus, to find tlie specific gravity ol 
a vapour like that of pliosphoius, of which the combining measure is 
one volume, or the same as tliat of oxygen The specific gravities 
of two bodies, of winch Ibe tolinhr'^ of the atoms aic the same, 
must obviously be as the wviffhtt, of these atoms Ilcncc, 8 and 32 
being the atomic weights of oxygen and pbosphorus, and 1105 G, tlic 
knewn specific gravity of oxygen, the sjiecific gravity of phosphoius 
vapour is obtained by the following proportion — 

8 32 1105 6 4422 

= sp gr of pbosphorus vapour 

Secondly, to find the specific gravity of a vapour like that of 
fluonne, of which the coinbnung measure is assumed to be two 
volumes, or double that of oxygen The atomic weight fluorine 
18 70, 

8 18 70 1105 6 2584 34 = 

twice the specific^ gravity of fluonne, bemg, the weight of two 
volumes, and the specific gravity iel^Uircd is 1292-17. 

These cases are examples of a general rule, that the specific 
gravity of a body m the state of vapour is obtaiued by multiplyuig 
thi^tomic weight of the body by 1105 6, the specific ^vity ot 
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oxygen, and dividing by 8. The number thus found must then be 
divided by the number of volumes which,, are known to compose the 
combining measure of the vapour 
The specific gravities thus calculated are generally more accurate 
than those obtained by direct expenment, from the circumstance 
that the operation of taking the specific gravity of a gas is generally 
less susceptible of precision, than the chemical analyses on which the 
atomic weights ore founded The densities of vapours, taken only a 
few degrees above their condensing points, are generally a litlle 
greater than the truth, owing to a pcculianty m their physical consti- 
tution whicli was formerly explained (page 76) Of such bodies, 
therelorc, the theoretical is a necessary check upon the experimental 
density. 


SECTJOy IV RBI.ATIOU llETWEFN TIIF CRYSTAILINE FOllM AND ATOMIC 

CONSTITUTION OT BODIES — ISOMOUPIIISM 

13odi^ on passing from the gaseous or liquid to the solid slati' 
geneially present themselves in cryst.ds, or regular geomctric.il figiiics, 
which are the large^^and more distinct the more slowly and gratlii.illy 
they are produced Their formation is readily obseivcd iii the spon- 
taneous evaporation of a solution of sea-salt, or m the slow cooling 
of a hot and saturated solution of alum, which salts assume the forms 
of the cube and regular octohedroii The ciistalliiic form of a body 
IS constant, or subject oidy to ceilam geometncid modifications wliuli 
ran be calculated, and is most serviceable as a physical cliaracler foi 
distmguisluug salts and minerals Between bodu's of similar atomic 
constitution, a relation in form has been observed of gicat inter'fst 
and beauty, winch now forms a fundamental dortnno of physical 
science, like the subjects of atomic weights and volumes just con- 
sidered. 

Gay-Lussac first made the remark that a crystal of potash-alum 
transferred to a solution of ammonia-nluiu continued to increase 
Without its form being modified, and might thus be covered with 
alternate layers of the two alums, preserving its regularity and piopct 
ciystalline figure. M. Bcudant afterwards observed that other bodies, 
such as the sulphates of iron and copper, might present themselves in 
crystals of the same form and ingles, although the form was not a 
simple one hke that of alum. But M Mitscherlich first rc(;pgni‘'cd 
this correspondence m a sufficient number of cases to prove that it 
was a geifbral consequence of similarity of composition in different 
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bodies To the relation in form, lie appbed the term tsomorphum , 
(trom equal, and /nopjvh shape), and distnigiiislied bodies whicli 
assume the same figuie as isomotphous, or (in the same sense) ns 
umihfotm bodies TlieJ u\ at whieh he aiiivcd is as follows — 

“ Tim «iiine imiiibei of atoms roitilniicfl iii the same way prodiiee 
the same (Ustalline form, and cj ^ slalhiie form is independent oi 
the chemical nature of the akmis, and determined only by then 
number and lelaLivc position^' 

'I’liis law has not been established in all its gcncrahty, but perbiqis 
no fact IS certainly knoiin wliieh is inconsistent with it, while an ni- 
disjiositioii which ci'ilaiii classei of elements have to foim coniponiids 
at all similar in com|)osiLion to tliose formed by otlici classes, liniils 
tlie cases for com])ansoii, and makes it inipossiblo to trace the law, 
tliroughout the whole range of the elements, in the present state •nl 
our knowledge icspccting them 

The relation of isomorphism is most fre(|ucnlly obsci veil btivieeii 
salts, from their superior aptitude to foim gooil tiystals Thus the 
arsemate and jihosphate of soda aie ohlaiuod in tlie same liVm, am! 
are exactly alike m composition, each salt eontanimg one ])roj>orlioii 
of acid, two of soda, and one of water as bases, t«>getber nitli twentv 
four atoms oi water of ciystalluatioii Witb a difli rent pioportiou ot 
water of cryslalli/alion, namely, with fourteen atoms, and the otliei 
constituents uncliaiigcd, the eiislalluie form is totally diffeicut, but 
IS again tlie same in both salts For eieii aisemate, there is a phoo- 
phate cories])oiidiiig in composition, .nul identical in form, ilu 
isomorphism of these two classes of sJts is indeed perfect The 
arsenic and pho>phoiic acids contain each five ])»oporhoiis of oxygen 
to'oiie of arsenic and pliosjihoTus lespcctivcly, and arc supposed to hi 
themselves isomorphoiis, although the fact cannot he demonstrated, as 
the acids do not crystallize The elements, phosphorus and arsenic, .we 
also known to he isoniorphous and the isomorjihism of their arids 
and salts is referred to Jhc isomorphism of the elements themselves , 
isoiaorjihous comjKiunds in general appearing to arise from isomoi- 
phous elements uniting in the same manner with the same wibstanee 

The isomorphism of ,the sulphate, selcmate, chromate, and mang.i- 
natc of the same ba*c is likewise clear and easily observed , each of 
the acids in these cases contaming three proportions of oxygen to 
one of selemum, sulphur, chromflu^^, and manganese, themselves pre- 
sumed "to be isomoi pilous 

Of bases, the isomorphism of the class consisting of magnesia, 
of y,mc, oxide of cadmium, and the protoxides of nickel, iron 
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iiml cobalt, la well inarketl ]ii tlie salts which they form Mith a com- 
moil acid, and m particularly observable in, the double salts of these 
ovules, such as the suljihate of magnesia and potash, suljihate of zinc 
and potash, sulphate ot copper 'and polash, Yhich have all si\ atoms 
of Heater and a common form The sulphates themselves of these 
liases differ, most of them affccfing seven atoms of water of cryslal- 
Iiaati 111, while tlie sulphate of copper .tflccls five , but lliose, with the 
seini may likewise he cryslalli/ed lu favouiable ciicuinst,inees witli 
live atoms of wr.iter, and tlicii a-'snine the foim of the copiier salt, 
(Inis evlnbiting a second isomorphism like the aiseinate and plios- 
|)liato ot soda 

The scsquiovides of tlu' same cl.iss of mid.ils witli alumina and the 
"L^quiovidc of (luomiiim, \itnch consist of two .doms of nutal andthiec 
of<)\> gen, also alford an iiistinetive txain])l(' of isouioipliisni, paitiru- 
i.iily III I'leii (loid)l('s.ilts The sid])lMle ot llie sts(|iiio\idc'of non with 
'•iilpliati of jKitasli (111(1 twenty -foiii atoms of walti, lonns a double 
-.lit having the oclolu’dral foii\iot sulphate ol .iliiimna and potash, oi 
Minimon ftlum, the same .isliuigmit taste, with oiliei physmal .iiid 
elujiiital piopi'rtu-. >0 sLiriilai, that the two salts (an with (lillhulLy 
Ik distinguished from each ofliei The salt is calleil non alum, and 
llitie lire (orK'spoiidiiig matigaiu'se and tliiome alums, neillim of 
iiliidi coiitaiiis ahumiia, hut the scs(iuio\iik ol niaiig.iiKsc and sesipn- 
(ivideot eluoiiuuni in its place, with the piopoilioiis of .uiil and water 
wliirli evist in common alum [ii all these salts another substitution 
iinv occiii without iliangi of foim’, n.iimly, that of soda oi oxide of 
niiinoiinim tin the jiotasli m the sulphate of potash, giving use to 
the tormation ol winit aie called soda and funmoma ..ilums 

Celt am tacts liavc Ixeii sujiposed to militate against the principles 
el isoinoi])hisiii, which reepure consideration 

1 It ippeais that (he coiiespouihog ungles of crystals reputed 
I'oiiioiphous are not aUvajs exactly eipial, hut ape sometmics lound to 
(hller two or three degiees, aUhoiq^li the errors ol obscivatiou m good 
v’vstals lately exceed ID' oi 20 ' ot a dogi’cc Hut, it has bi’eii shown 
by jMitsxhcrlich that a ditreiencc may exist belween the iiielm.itions 
ol two senes of similar laces in different spix nnens of the ".iinc Stdt, 
of 59 ', while it is also. known tliat the aiiglci of a^crystal alter sen- 
sibly lu their relative dimensions fritli a change of temperature 
(page 3 ) ^The angles of crystals are, tlieieloie, affected m'tlicir 
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values within small limits by causes of an accidental character, 
and absolute identity in ^rystalhne form may require the coiicui- 
rence of circumstances which are not found together in the ordi- 
nary modes of producing many crystals, which are still truly isomor- 
phous 

The following tabic exhibits the ihequahtics which liavc been oh- 


served between the angles of certain isomoqihous 

crystals . — 

KhoMboida! form 

Carbonate of mnugnncsc (diallogite) 

103“ 

" lime (uilc spar) 

105“ 5' 

“ Lmt and magiiLsia (dolomite) 

106“ 15' 

“ magnesia (giobcrtiti) 

107“ 23' 

“ iron (Hjialhie iron) 

107° 

“ zinc (smithsonik) 

107“ 40' 

• 

Sf[tutre jiutumlie vuith ihomloulal hnsc 

Carbonate of lime (arragomte) 

116“ 5' 

“ lc.id (ccnise) 

117“ ^ 

“ strontinu (slrontiaiiilc) 

117“ 32' 

" baiyla (withcnte) 

t 

118“ 57' 

Sulphate of baryta 

101“ 42' 

" lead (anglesilc) 

103“ 42' 

" strontei (<ckslmt) 

101° 30' 


2. It appears that the same body may assume in diflercrit circuin- 
stances two foims which are toUUy dissimilar, and have no relation 
to ejich other Thus sulphur on crystallizing from solution in the 
Uibulplude of carbon or m oil of turpentine, at a temperature under 
100°, forms octohedrons with rhombic bases, but when melted by 
itself and allowed to cool slowly, it assumes the form of an oblique 
rhombic prism on solidifying at 232°. These are incompatible crys- 
talline forms, as they, cannot be derived from one common form 
Carbon occurs m the diamond m regular octohedrons, and in graphite 
or plumliago m six-sided plates, forms which are likewise jncompati- 
blc Sulphur and (Jiarcoal have each, therefore, two crystalhne* 
forms, and are said to be dimorphom, (from Sic, twice, and 
shape) Carbonaje of Iftne is another famdiar instance of dimorphism, 
forming two mineral species, *c^c-spar and arragomte, which are 
identlbal in composition, hut differ entirely in cryst^ne form 
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(i Kose hfis hlu'wii tliiil the fust oi second of Hicsc tonus iii.ij he sfivcii 
to the graiml^i curhoiiate of lime foiiiu-d* iiitihn.ill), .leeouhiig as it 
IS precipitated at tlic teinpcifiiuie of tlie an, oi near the hoihiig point 
of patci Of its tflo foiinsj carbonate vif lime most liccpienlly 
ail'erts that ot calc-spar but cailionate of hsid, nhich ashinnes the 
same two fomis, and is tlicrefoic I'odnnorphons with caibonate 
nl lime, ihietly afleets that of auagonile, ami is \i'iy rarely ioiind m 
the other foim J lad these caibonates, theiefoie, been each known 
only III ils common toim, then isuiuoiphiMn would not have lieeii 
‘•U''pceled, — an nnpoilaiit obsenation, as the want of isoiiunphism 
hctweeii ceitani olhei bodies may he (.iiisid hy IIkii being tially 
dnnoiphoiis, although the (wo toims 1 m\c not Kt hem pen lived 
Or^slalli/ation in thiee foiins is not unknown thus litaini aeid is 
Iflnnd ni^lhiec di&tintl toim", as (lu irniieials inlile, hiookite, and 
aiia'tisi 

3 Till' ohservation of (he isoiiioiphiMn of boiliis is ol (lu giiatisL 
iah(e as^iii nuhralioii tha( Uii \ po'.'.«ss a snnilai eon^lHiilion, and 
loiitam a like iinmlnt of <i(oiiis ol then roiis(i(iieiil'' liii( i( must 
he admitted (Init (he most jwileil fomndeiii i in loini is hkiwise 
ohseived between eeil.im bodies wliidi aieipnle dilleient m toniposi- 
tion Thus bisnlpliatc ot potash is dimoiphmjs, ,iiid ci)stalli/cs in 
one ot the two finins of hiilpliiir (Mitsiherlii h) Nitiate of pol.isli m 
common nitre has the fin in o( aiiagomtc, and occnis also, there is 
leason-to believe, in imi roscopii^ iiystaK m the foiin of calc-spar 
Nitrate of soda, again,, has the finm ot cale-spar IVnnaiiganatc 
of barjta and the anli}dious sulphate of sodii likewise ery&talli/se in 
one form lletwccii (he first p.iTi, sidplnir and bisulpliate ol polasji, 
the uhseiiee of all analogy in coiii[)OMt]oii is sudiciently obvious, 
notwithstanding their isomorphism Between mtiate of potash ,nid 
carbonate of lime, and between perm iiigaiiate of baiyta and 
sulpliHve of soda, tlicie is no similarity of coiiijio&ilioii, on the 
ordinary view which is taken of the eonstitu'sim ot tin sc salts, but 
both of these pairs have been assimilated, in speculative views ol their 
constitution proposed by Mi Johnston* m regard to the fust pair, 
ajid by Dr Clarkf m regard to the second, which ineiit consideration, 
although the hypotheses cannot be both correct, as they aie based 


* Pliiloso|ihiLRl Magazine, thiiil Ml iLa, ^ul zii pigi 180 
j t Kccords of General Si iLULC, \ol iv (lagi 41 
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upon incouipiitibL datu To iniiy be iiddccb the sidpluitc of 

biirytawitb peicblor.ite and pcrmanipiiiiite of potash liaO, SO3 witli 
KO, CIO, and KO, Itliig O, Tlu snliihidc of antimony with sul- 
phato oi niiigiK sia Sl)jS, with HO-, + 7irO Borax, nilli 

augitOj labradoiiti aiul aiioillnto, (piait/ and chabasite, niohsite iiiul 
cudiahtCj aiiatai.e and .ipoj)li>lhlc, /neon and wcniuitc, maugamte 
and prchnilo Coppa pMitcs'Cn I’e S2, )i<is also the same form as 
braunite oi bC''([uin\uli* oi mangaiicM, Miij O, Lciitile and fiiial- 
cime both belong to the icgnlai s>stcm, and me aluimuoua silicatis 
of similar composition , but, w'hile tlie inst contains one otpivaluit 
of potash, the othm contains one (cpin.dcnt ol sod.i + 2110 

The nitiiLe oi lead lias tin s,iin(> cnloludial lignrc' as the nitrate of 
lead, with two atoms ot oxigcn kss m its acid 

Of examples ot nhutily ol ciystallmi' foim without any weJl- 
established iclation ni coni] cwilion, many otlieis might be quolfcl, it 
oecniienee lu the simple to ms ol the cube ami legulai octohedioii 
slioidel bo allowc (1 to (onsiiLitti isonunuJiisin Toi evauiple caibon, 
sea-salt, aisemnns ikuI, gah iia, the m "pietic ovule ol iton, imd 
alum, all 0. cui m octolu ihoiis, allliougli tUi'y <ii( no way leLiltd 111 
composition I 3 uf tliisc sniipie (onus aie so (onfiiioii, that (liey can 
be held as allordiiig no piootot i-omoiplusm, unless in eases vvheic it 
Is to be evpcdcd iioin <i(liiii(ted snnitaiily ol i omposilion, as bctwc'eii 
the (hil'crcnt alums, or IhIwoui dnonu non and the inagnelic o\ide 
of non, Cr2 0,, I'cO and Fi 2 O^, I'cO 

But notwithstaiidnig tlie o< c mu .k i of such appaieiitly foitiutous 
tome ideiices 111 form, isomoiphisjn must sidl he c oiisidercd as the 
suicst enteiion of snuilaiity ol coiiipo-'ilioii w!m h we possess Tiuh 
isSinoiphons bodies gcntialJy coiicspond in a \aiidv ol oilier propei- 
tu's besides evteiiial Juiin Aisunc and phosphorus resemble each 
othei reinaikably 111 odour, altlioiigli tin one is a metal and the olliei 
a noii-iiidallic body', while the roiiespoiidiiig irsi males and phos- 
phates agiec m taste, ip seilnbilily, 111 the degree of force with wliicli 
they n'laiii water of eiyslalli/ation, and in various otiicr properties 
T)u‘ side mate ami sulphate ot soila, with ten atoms of wakii, which 
are isomoiphoiis, aie Ijoth cilloieseeul salts, and (oiiespoiid in solu-‘ 
bihty, even so fai ,is to agree m an unwonted deviation from the 
usually obseivtd yiereas*liig rate of solubility sit liigh tempciatuics, 
both suits being nunc soluble fiAalei ut 100° than at 212® In 
fact, Aomoipliism appCiirs to be always accennpanied^ by many 
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rommon properties, and to be the fealmc wlncli iiulKalc} tlie closest 
iplatioiislup betueeu bodies , 

]t will afterw.iuls iippcar fli.it the inoie iicaily bodies a"irc m 
composition, tlieysiie tlie inoii^dikely to .iritis sohents of (.leli otliei, 
or to be miscible m the liquid toiiii An attraction for (‘.if li other ot 
fhe same cli.]r<icter is prob.ibly Tlie cause of the eas) bh'iichiig together 
of the p.irticles (if isoinorplimis bodies f^od of the (bnieiilty of s(»p.i- 
raiing them .ifti r they <iic once dissolved iii a common menstninm, 
such isomorphous s.dts as the peiin.ing.ui.ile .iiid jieicldoiate of 
pot.ish may, 11,^ < d, ( Ms|alh/e .quit tioiii the same solution, oMing 
to a toiisideiabli ditleieiiec of soliilnlity , and jiotaslualiim maybe 
pnriliid, in .i gieat measure, by fi^stallizalion, fiom iron-alnm, 
uliich IS moie sobibh, and lem.iins m the mot In i liipioi , but most 
nsmioi pilous salt., siuli as llu -nlpli.iii.s of non and copper, or 
ilie'loihde and diloiiile ol jioiassiinn, nlien oiire dissolvi'd togi'tbi'i, 
do 110' (iistalh/i* apail, but (omposc bomogeiu'oiis njsl.ds, wlilrli 
aie mixtiuos oi tlu two s,dl^ in nidi linih piO])oitions Tins iidi'i- 
ini\luie‘‘o'f isoiiioiplioiis (omiiounds is o| lieqiniil oennicine ni 
imiiii (Is, and was (imfe iiie\]ili< al)h‘, .nid .ipjit ned to inilitile against 
till doctiiiii ol ( onAuiialioii indilinile pi ('I'oi lions, till thepowni of 
isonim pilous bodies to Kiil.ui euliotliii in eoniponiids was leeog- 
in/ed as a law ol mliiie Thus, ni t’liml, whnh is .i silicate ol 
.dimiiii.i and bine, Al, Oj, Si iC.iO iSi O^, the .dinnina is found 
olleii wholly oi in jiait lepl.iced by an e(|ni\.d( iit quaiitit} of ])eiOMdo 
ol iron, while the lime, at the same linn, in.n be isibangid wholly 
01 in p.nl loi piotoNide of non, oi loi inagiusi.i, wifliout tin proper 
filstalline fhaiaeler ol the niiiiei.d heing destioyid lleiui the 
I onqiontion of nniu i..l spe(,i< s is most piojieily ovpicssi d by gr m Al 
loimul.e, wbeie ah'ltei, siuh as It, exinesses an fijiiiv.deiit ol iiiet.il 
winch in.iy be i.ilfiinii, mngiicf-iuin, manganese', iron, i'll — 

The Pyroxenes by 3110, 2Si Oj 
The Kpidotes by 3310, SAlj O^, 3Si 0, 


*»* TIio winoiis fornis of cn^tilswnc&'Bt hnyipil} drsciitcd by PiofLSTOr 'Wtiss, ol 
Itiilm, by icfcrriicc to “ crjctallirir nxes,” whiclnrc tbiccstraiKlit Iiiiob pissiiia; lliPotisli 
Iho same ])oint, nuJ tcrmiiiahns in the snirai'f; or niuiln of tlii'^cmt d 'lln siiiipbit 
(asc IS lint iilmIiuU tbr tbrcc as.s cross cWi olboi .xt ii^bt aiii^lxs, ind au (ipsd in 
length, as riprcsciikd (lig 51), e bung llic vutii il. inJ « and h ll ( tao lixiKontd 
aw-s A (.rjStiJ is fonmd by applying plains m time pniiupil n i\s to Ibcsp ayes 
1 Uv (pqlying si\ planes so Ibst enfh slnll h. pcipriidiiidnr to oik i\is a id pm dl' I 
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to the other two, the hcrahcilron, or, it is more coininonly termed, the cube (hg S 2 ), 
IS foiined Here the ases terminate in tiic criilrc of cadi of the six faces of the crystal 


h’n "d 



i H\ .ipiilMiiji; oiitiiliiic 1(1 111 i\li(inil\ i>l i di ol Hu llim iivis is to tin yuiiits 
n, fj, nil] ( llijf oj), Hill sCM II ]il nil s III Ihi sUiK miiniu i lo nllil i i \1|| niilic., tin Kfillii 
oduhcihoii IS inniliKiil fiT nliiili Hieiiglit liiis m |il iiirs iil ill (i(Ui).it( J.il tliniighs 
(fia 111 llie IMS hen tdiiiiiiiti III III! null-' '»• lilt . I \ si il ^ 

1 Tin |il me iinv hi 'ipiiliid In lh( tsUiiiiiliis ot |\mi ims, and ho ]niallrl to the 
third, \diidi will ru|iiiio (uiUt |ilaiiis to dust (In ligiiii, iiiid give use to the rhoinbit 
dodtcdildiuii (fig "iJ’) * 

1 i< ■) ! hlQ 'll 



In thtsL till 1 1 |uiiiti|i,il liiriiis, Hu plams ait apiilitd tn Iht a\Ls at equal distantts fiuin 
thciriilii Ihiviiin dsn (lit Mu ims it iiiui|ii,il dist nil i s hum the unlic, giving ii't 
to hiiirnllKi lis ii'ii d Imiiis ' 

A bodv 111 ( ivsluUi/iiia iiiav issiiiuo iiiy ol these ioinis, thi «iil\ thing cuiistiiit biiiig 
the (risliilliiu iM s 1 U 111 c coliiition salt iivsttilli/ts both i/i tlit tiibt and oituhedioii, 
ollhuiigh most iisiihUv hi tlie liuiiur tigiiri^ i 4 id the rnigiiitir oxid< of iron both iii tlio 
ociohediu^i and ihonibu doihiahidioii A hudy may tviii assume several of these forms 
at the same tmio, that is, may picsLiit at omc fiocs of thi tnho, ottolitdros, and dode- 
cahedron Of tin ottohedial eijstils ot alum, tor iiislanet, tlie solid angles are always 
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fonnd to be cut or truncated by jdanes which belong to the cube of the same uxl^ (tig 55) , 
and the edges of the octohedmn in the same salt arc sometimes removed or bevelled by the 
faces of the dodecahedron (fig 56) Figure 57 rcprcscilts a combination of all these three 


Fig 55 Fig 56 



Innns, mil similar of I visi nunc oimjduatcd 
(ombiii.il ions ail. nfUn louiul in ■I'llmc 

'I'lu gnmps of foims Unis assm nloil, bv being 
dcdnciblc from the s.iinL av s. < onslitntc wli it 
isealbd a *' sjstLiii of iijstalli/atuni ” Six 
sinb sjsli Ills iri, 1 iiiiinrr'itcd by \Vi iss, to some 
OIK of vs bulk every tnsl.illiiic body belongs 
I Till oilobedial nr rtgnlai B}st(lii of 
(nsHlli/ilioii, mill lh( Hirer priiKipil axis it 
right mgli s toe ii b other, and ripial in length 
It IS that .ilriiidy disiiibcd 

Z 'Ihi squaixi prism.itic, with the axes .it 
right angles, but two only of them equal in 
li iigtli 

1 The right piisninlie, «illi the axes st right angles, but unequal in length 

4 The rhombuhedMl, with the axes eqnil, .iiid i rossmg nt eqiuil bill not iiglit niighs 

5 The oblique pnsinatie, with two of the ixis intersecting taili otlier obliquely, while 
the third is periieliditnlar lo both, ind uucqinl iii length 

6 The dqiibly-ublHiue prismatic, with idl lliiie tses intei selling cull other obliquely. 
Hill unequal 

By thr apposition of planes to these dilTinnl s< ts of crysVllmc axi s, in the same modes 
ns to the axes of the icgular systiin, sines of forms an pioilnecd, having a giiiinl 
analogy in ill the systems, but sjkk liiuilly difllrcut 

For additional information on the siibjixit of (r}sl illograpliy, whirh, although higlilv 
11 ipoiiant to the themiral inquirer, is nut exai tly a dipai Imciit of i hemislry, rclrri nri 
may be made to the Essay of Di WhowcU, in the Phil Tiaiis for 1H25 , to on Esh.iv by 
Hr Lceson, in the Memoirs of the Chemical {society, dol in , the liemian Fi1emi.iils 
01 Crystallography of G Hose, the Systen^ nf Ciystallogrnphy ol* Professor Milhr .ind 
Mr J J GriHia, and to a short work lately published, entitliil '* Kluneiits dc Ci istollo 
(fraphie, par M J Muller, tniduits do rAllcniond par .Tcroinc Is u kies,” winch appears 
to be well a^pted to the wants of the chemist A full list of isoninrphoiis substances 
IS given by M Gmchn iii his iiivnJiiable //hsi/jKfA i/isr vol i p a'i 
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CLASSIFICATION OF BLEMLNTS 

» 

Tlie extent to nlncli tlio isomoriwious relations of liodics liiuc 
been ti.iieilj mil a])])eai on leMewing the groups or natural fainilna 
111 whicli tlio elements may bo arraiigcil, and observing the links h\ 
winch the diiferent gioups tlicinselves are lonneotcd , these claase-' 
not being abruptly separated, but shading into each other in tluii 
charaelcrs, like the classc's rieated by the iLitur.dist for the ob^eds 
of the organic world 

I St/fp/iu) C/fts^ — Tills class eorn])iisos four elenieiitaiy bodies 
oxygen, siilphui, selenium, tellmiiim 'I'lio thiee last of tin si 
c-loirients exhibit (he closest paiallelisin in their own piopertu s, m 
the range of then afhmtics for olhei bodies, .md in the ]iropcrtics jtl 
their analogous coiiipouu<ts They all hum gases with ode atom of 
lijdiogcn, and ])ow(ifiil aruls with lime atoms of owgin, of wliidi 
the salts, the suliihates, scleuialis, and lelliii.des .iic isoirioiphyiis , 
and the same lolation iindoublidli holds m all the (onospoiiding 
compounds of these elemi iits 

Oxygen has not yd hi eii coimeeteil w'llh this, tcrmip by a certain 
ibomoiplusin of 'ui\ of its (ompounds, but .1 dost cories|ioudcnce 
between it and siilphm ipjieais, ni their eompouiids with one class 
of metals being alkaline Inses ot simdai piuiieiliis, toiinmg the two 
great classes of (ix\gi 11 and sulphur h,ises, smli .is oxide of potassuiiii 
and sulphide of ]iol.issium, and iir their i oiupouiids with another 
class of deiiieiits being similar a< uN, trivuigtTsc to the great classes 
of oxygen and suljihiii acids, sueli as aisuiiious and sulpharseuious 
ac*ds They Lnlliei agiec m the aiialoi;> of tlieu eompouiids willi 
hydrogen, juntieidaily o( binoxidc of hydrogen and bisulphide ol 
liydiogeu, both of which hlcac h, and aic remaikahle for tlieir lust.i- 
bihty, and 111 the analogy of the oxide, suljihide, and tdluride ol 
etliyl, and of .ilcohol and ineicaplaii, which last is an alcohol with lis 
oxygen icpl.iccd by sut|)hui 'J'liis class is connected with the lu'xt 
liy maiigaiK’se, of which niaiiganic .icicl is isouioijilious \|itli siil- 
pliiiric acid, and couseipiently inaiiganese with sulphur 

II M<t(i)n‘siiin Qn’'< — This class comprises magnesium, calcium, 
manganese, non, cobalt^ nickel, /me, cadiniuni, cop]ier, hydrogen, 
cliroimum, alumifium, glufiniiiip,* vanadium, zirconium, yttruun, 
thoriinun The protoxides of this class, including w^ater, form 
aiislugous salts with acids A hychated acid, such as crystal! i/('d 
oxl^lic acid or tlie oxiilati' of watii, conesjioiuling with the ftxalate ol 
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iii.igne'^ia m tile number of atoms of water Mitli winch it crystallwcsj 
,ni(l the force with which the same number of atoms is retaiiK'd at 
liigh temperatures , hydrated sulphuric acid (HO, SO, + HO) with the 
Milphate of magnesia (MgO, SO3 + JIO) '^'iie isomorphism of tlic 
Silts of magnesia, zinc, cadmium, and the protovides of m.iiigaiiesc’, 
non, nickel, .ind colirdl, is jicrfett Watci (TT(^) and oxide ot zinc 
(XaiO) have both been obscived in thm rc'gidai siv-sidc'cl prisms, 
l)iil the isonioiphism of these ciyslals lias not vit been established 
l)j the mcxisuunient ol tlm anglc-s Ovule of hjdiogeii has not, 
IlieietoK, been shewn to be isomoiplions with these ovules, nltliongh 
it gieally rc'senibks ovule ot copper in its clieinical lelatinns ]nme 
,s not so closely lelated as the other piotovnh s of tins gioiip, being 
tilled to the following el iss But its cnbmnie, Iiotli iiiludious and 
livfcli.itid, its nitrate, and the tliloiiile of e.th inin, assnnil.ite with the 
coiir iioinihig comiioiinds ol the gionp, while to its siilph.ite or 
irvjisMin, CaO, SOjH- illO, onr pn.dhl .nid l■'Omolphons ioin|)oninlj 
it 1 ( isi, can be addueed, a sulphate ot non, J'VO, S()j+ 2 llO 
(Mitsclu'i.'ich), winch is aUo sp,iiingl\ soluble m wat(i,liko giiismn 
(iliuina IS isoirioi plums lime liom the isomoiphisin ot the 

iniiieials euclase aiuk/oisite (Ihooke) 

The s.dts of the sescpnovidc o( cliiomnim, of alumina, .ind ghienia, 
fiTo iscmioi plums with tliose ol sescpnovidc' oi non (Fi ^ O^), with wine h 
tliise oMclcs coiiesponci in composition, and the salts ol manganic 
and cliiomic acids aie isomoiphoiis, and agree with the snlpli,i((*s 
'I'hc v.inacli.itc's are bcdieved to be' isomoijdioiis with the ehiom.ilc's 
/arcoiiiiim is plated 111 tills class, hceanse its llnoiidc is isoinoi plums 
with that of ahnniiium and that ot iron, and its ovule a])peais to liave 
the s, line eoiistifiition as alnmiii.a, and ytliinm and Uionuiii, solely 
he ( ,ius(' thc’ir oxides, supposed to be piotovules, .11 e c lassc'd among 
the raiths 

III Jiamnii ('/(/ss — Barium, ‘tiontnim, h.id. The salts of 
tlicir protoMd("i, baryta, strontia, and ovule of lead, aie strictly 
isoinoiplioiis, and one of them at least, oxiilc' ot lead, is dimoiplious, 
rind assumes the form of lime, and the piceeding class m the niitieial 
.Jihimhocalcite, a carbonate of lead and lime (Jolinstcm) But cc’rl.im 
earbonates of tlio second class arc dimorphous, rind enter into the 
present class, as the parbonatc of hmo 111 an.igomte, Crirboniito of 
iron m |uiickciite, and carbonate oV magnesia pronireil by cvapomtiiig 
its solution in carbonic acid water to dryne-s by the wator-bath 
(0 Bose), which have all the common form of carbonate of strontia 
Indeed, tllesc two classes are very closely related. 
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rV. Potassium Class — The fourth class consists of potassium, 
ammonium, sodium, silv^- The term ammomum is applied to a 
hypothetical compound of one atom of mtrogen and four of hydrogen 
(NII 4 ), which IS certajaly, theiefoce, not an elementary body, and 
probably not even a metal, but which is conveniently assimilated m 
name to potassium, as these two bo^es occupy the same place 111 the 
two great classes of potash aftd ammonia snlts, between which there 
IS the most complete isomorphism Potassiu m and ammonium 
themselves arc, therefore, isomorphous The sulphates of soda and 
silver are simihform, and hence also the metals sodium and silver , 
but their isomorphism with the preceding pair is not so clearly 
established Soda replaces potash m soda-alum, but the form of the 
crystal is the common regular octohedron , nitnite of potash has al«o 
been observed in microscopic crystals, having the arragonitic fon»of 
nitrate of soda,* which is better evidence of isomorphism, althbugh 
not beyond cavil, <is the crystals were not mcasuied There are also 
grounds for believing that potash repkeps soda in equivalent quantities 
in the mineral chabasite, without change of form Th^ probable 
conclusion is, that potash and soda arc isomorphous, but that tins 
relation is concealed by dimorphism, except inf a very few of their 
salts 

This class IS connected in an interesting way with the other classes 
through the second The siibsulpliidc of copper and the sulphide 
of Silver appear to be isomorpliou'’,t although two atoms of copper 
are combined in the one sulphide, and one atom of silver m the other, 
with one atom of sulphur , their formul® being — 

Cuj S and Ag S 

Arc then two atoms of copper isomorphous with onf atom of silver ^ 
In the present state of our knowledge of isomorphism, it appears 
necessary to admit that they are 

The fourth chiss will thus stand apart from the second, which is 
represented by coppcr,'aii(l also from the other classes connected with 
the second, in so far as one atom of the present class is equivalent 
to two atoms of the other classes in the production of the samc^ 
crystalbne form Th5s discrepancy may be at once removed by 
halving the atomic weight of silver, and thus making both sulphides 

• Frankenheim, m Poggendorff’s Annalm, vol il page 447 See nlso a paper by 
ProfcBsor Johnston on the received e^iuvalcuts of potash, soda, and silver* Phil Mag 
third senes, vol zii p 324 

f See tulphttle of stiver, under silver, in this work 
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to contam two atoms of metal to one of sulphur. But the division 
of the equivalents of sodium, potassium, and pamomum, which would 
follow that of silver, and the consideration of potash and soda as 
siiboxides, are assumptions not to^bc lightly entertained. 

It was inferred hy M Mosaiider, that lime with an atom of water 
]>. isomorphoiis with potash and soda, because CaO + HO appears to 
ipplacc KO or NaO in mesotype, cliabas'lte, and other minerals of the 
/polite family. The isomorphism of natrolite and scole/ite is so ex- 
plained NaO, Alj 0,, 2SiOy 2110 with CaO, Alg O3, 2SiO^, 3HO 
On Ihe other hand, it is strongly argued by M 'I* Scheeror, that 
oiip erpn valent of magncMa is isomoiphous with three equivalents of 
Hater, trom the equality of the foims of eordicnte and a new mineral 
a^pasiolite, the first containmg MgO, and the second 3HO in its 
plane, and from a icview of a tonsulerablo number of alumiiio- 
rnagiiesiiin hiincials One equivalent of ovule of cojipci, however, 
IS suppos>ed to ho replaced hy two erpiivalt nts of water* 

V Vklun/ie Class — Chloime, loihne, hioimnc, lluonne These 
four rlemf.'ifs form a woll-dcfmcd iiatur.il lainily The three first 
.ire isotnorphous throughout their whole ( oinbinations — chlorides 
with hioiiiides and modules, chlorates with bromales and lodatcs, 
IMTclilorates w'lth pciiod.ites, A'C , and surh lluorides also as can 
be compared with chloiules appear to allict iho same foims Tlie 
lluorule of caleium of apatite, C'aK, 3(dCa(), PO,), is also replaced 
hv llie chloride ot eale uin It is conuecleil with the soeoiitl rlass 
through pcrclilonc acid, the perchlorates being strictly isoinorplious 
with the permanganates ‘But tiie foimuhc of these two acids arc — 

Cl O7 and Mn^ ^ 

one atom of eliloriiie ixplariiig two atoms of manganese Or, fins 
rlass has the same isomoiphoiis lelatinii as the piecidiiig (lass to 
the others and siuli 1 slmll assume to be its triu‘ relation Although 
hahing the atomic wciglit of chlomic, which would give two atoms 
'if chlorine to perchloric acid, is not an improbable supposition, 
lill it wo'dd lead to the same stiaiige conclusion as follows the 
duisioii of the equivaliTit of sodium, — namely^ that chlormc enters 
into its other compounds, as well as into jieriuaiiganic acid, always 
111 the projiortion of two atoms, for that ileirfbut is never kiiowui to 
combine 111 a less pioporlioii than lif cvpiessed by its pnseiitly rc- 

” Pof'gcndorft'& AmiaffH flfr r/i^sil unit Chrmif, t p 310 Also, MiUoii and 

Iliisct’s AniitinirL dc ( liimie, 1847, 8vo Pans, pp 62 and 234 
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ccived equivalent. Cyanogen (Cg N), altliougli a compound both, 
has some claim to ontcf this ns the cyanides have the ■^.niu' 
form as the clilondos 

VI Pho^phoi us Clfss — NifiogMi, ))lios])horus arscniOj aiitnnoiu, 
ami biMiiutli , albo composing a MolI-m.uked naim.il gronp^ ol vlinh 
nitrogen and biMiuith aie the t«o extreme'^, and of wliitli the .ntcilo- 
gons ooinjimmds c\liibit i^oilunjiliiMn Thc'^e (l\c chmeiits all foim 
gaseous eoinpouiids nith time alonis of Indiogen , iianielv, annnoiii,], 
phosphniclled hidiogeiij aiM'inetted hydrogc'ii, S.c The hydMO(l,l^(^ 
of aniinoni.i and ol phosjdniuKed Indmnen are nol^ hone\ii, 
isonioiplious Algernons acid .mil Hie o\ul( of .nilnnonj, both n! 
which coiit.mi iliice atoms of oxAgni (o one of m. lal, are donlili 
isomoi pilous Ai'-inioiw .uul .iKo is capable ol Kpluiiig o\idi el 
.intim(in> in t.uliale ot aiitnnoiu aiul potasli oi laitai ciuetiCj wilhoul 
rhaiige ol foiin , and aisenie otien subsiilules mliinmn in ils nalm 
sulphide Tlic initn e sulphide ol Insniiilh is alsoisomorpliniis 

wdlilhe siilpludi ol aniinumy (Sli S,) Nilioiis and (^ 0 ^), ahirli 
should coiicsjKiiid vnlh aisciitou and and oMih ol .inlinioifi, likew m’ 
aits occdsionalh ns a ha'i , as m Ihe ri\s(,ilhiie ( oiujiomul Milli siil- 
yihuiic acid ot Hie hadiii cliainluis 'Hit (oiil^ilite isomoiqilnsin ol 
the drseni.dcs and ]»lu)sphatis liasahiad\ lueii noticed 15 nt ytliiis- 
phoiic aeul foiins two otliei (l,iss(s ol sails, • Hie pMOjiliospInli s 
and inetaphos])balcs, to wlmli aisi me .uid siqiphes no p.ualh Is 

Tills class ol elements is coniu > li d wiHi the olheis h> inr.ins ol 
the following links — Ibsidjdndi 'ol non is iisiiallv cubic, oi ot llii 
regular sj^tcin, hut it is dnnoijihous, and, m spnhisc^, ,i p,is.(s 
into anotluT system, and lias the loim ol aisc eule ol non , Fc oi 
Rillicr Fe^ S_j, being isomoiphoiis with li'c 2 As S2 Again, bisiilplncle 
of iron, 111 Hie jicntagonnl-dodc'eahechon of the ic'gulai sjstem, is 
isomoiphous with cobalt-glance, b’e2 with (J02 As so that one 
equivalent ol aiscnic appeals to be isomurpbons wilh 2 H 'J’liis is 
also snjiportcd bv tbe^ isomoiqibisin of the sidphidc ol cadmium and 
sulyiludc of mekcl (Cd S and AT S, or Cilj and Ni^ S^), wilh 
the aisciiidc of iiiekel (A'^12 As) Tclluiiniu has also beei obscnid 
in the fcaine lorin as inetallic aisc'iiic and antimony The pluisphoras* 
class ayqnoMiuatLS also to the flilotiiic rlass, iiiliogeu and cldoiine 
both loimnig a jKiweittll aeicl with live equivalents of oxygen, iiitiic 
ncid, and chloiit acid, but of the lUany nitrates mid cliloiatcs winch 
can Ikj compared, no two have pioved isomoiqdioiis jJJoi do the 
mefuphosphates appeal at all like the nitrates, although their foimala 
coi rc^spoiid * 
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Nitrogen, it must be adimttcd, la but loosely .itt.wlied to this class 
It IS greatly inoie negative than the othcif members of the 
.ijjproachmg oxygen in that clunactci, with which, mdecd, nitiogen 
jiiight be gioiiped, N being cquiv.iltiit to .gO For wliile pho^- 
])hmettetl liyilrogen is the hydiide of phosphorus, oi has hjdrogen 
foi its negative and pliospliorus foi its positive coiislitiiciit, ammonia 
IS undoubtedly the iiiLude of hydiogcn,*oi has nitrogcu lor its iioga- 
1 i\i and hj drogc'u foi its ])o&iti\( toustilncnt The one sliould be 
uiitttn iMl|, and the otliei llj N' — a diHcience in (oiustitution which 
v(paiales these bodies veiy widely An imjioitant coiiseipienrc ot 
(hissing mtiogeii wilh o\igeii is, that, in Ike lespeduc stues ot 
(oinpoiiiids of tliese elements, o}anogcn bet-onus tlie analogue of 
laiboim. oxide, C2 N bung eipmaleiit to CO, 01 lathei ('^ 

V LI Tin ('ht'i't — I'm, titanniiii Connected by llie isonioi [iliisin 
i(i tiUupc arid (Ti O.^) in lutile with peioxnle of 1 m (Sn O^) in tiii- 
s|ei ( Tilaiiiiini is coiiiiecbd with non and llu sitoiul (lass 
lliii' iiile and otliei vaiiotii's of |:itaiiK non wliith have Ihe cijst.illuie 
loiin of the scsquioxiele ol that metal, — iiaiml\, (liat oi spuidai 
iimi, and also ol eoiun.lnni (.diiinnia), — tiir mixtures of a sisign- 
oMile ol tilamum (),) with ses([uioM(le ot non (II Rosi) 

Vlll O'o/ti 6 V«si — (Johl, ttliicli IS isonioi))lu)iis with silver m 
llie iiielalhc stale Cold will thus be coiineelid, lliroiigh siKu, 
with sodiiiiii <iiid the loiirtli (lass 

IV P/n/innni C/ns’, — Plitiimin, iiidiiLin, osnimin Rioiii the 
I'-omdiplii-in of (lull doiibh. chlondes 'I’lic doiihlc bicliloiide ot fin 
111(1 (liloiidu ol potassuiin (i\s 1 alli/es in legiilai o< lolu dioiis, like 
(Ik double Imliloinh' ot platnnim aiul polassimn, and oHui double 
'hloiulrs ot this gi( iqi , wlniii, dtliongli not .done siillieniit t<^ 
i-'lablisli an isoiiioi plum ■ id.ifioii bi tween this tla -s and llu si'eiilh, 
let lavoms its exisli m e (l)i Cl.nk) The alloy ot osniiiiiii and 
uidiiLin (li Os) IS isonioi plums with the snlpliule of cadmiiim (Cd S) 
mil sidpliide of imkd (Ai iS) {Jlieitliaiipl) 

X Ttiiiifslfn (Unss — Tungsten, niolihdcmim, taut. iliiin, nielmiTn, 
iiiul pelopmrn Fioin the isonioi phisni of the tungstates and moljb- 
4 kil( the salts of tungstic and iiiolybcbc acids, WO^ and MoO, Tan- 
talif acid IS isomorplions with tungstic ncid taiit.ilitc (I'VO, TaO^) 
with wolfram (FeO, \yO,) Some mol^bchc and cliromic acids, 
the tungstate of bine, tungstate of* load, Tmilybdatt of lead, and 
thromatc of lead (m the least usual of its two forms), being tdl «f the 
Mine form This establishes a relation be! w ecu molybdic, chromic, 
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sulphuric, aud other analogous aculs * Niobium and pelopmin tire 
introduced into this clasps as they replace tantalum m the tantalilcs of 
Bavana 

XI Cation Clastjf — Carbon, Jsoron, sihcium These clenicnl., 
are placed together, from a general resemblance which they exhibit, 
without any precise relation They arc not known to be isomorphous 
among themselves, or with ally other clement They arc non-metallic, 
and form weak acids with oxygen, — the c.iiboiiM, consisting of two 
of oxygen and one of carbon, and the boric and silicic acids, which 
arc generally vicived as composed of three of oxygen to one of boron 
and sihcium Silicic acid may, perhaps, replace almnina m sonic 
minerals, but tins is uncertain 

Of the elements which have not been classed, no isomorplinu', 
relations arc known. They arc mercury, which iii some of its tlic- 
mical properties is analogous to silver, and in others to copper, 
cenum, didyimum, hmthAuum, lithium, rhodium, nitlicimim, [m 1 
ladium, and uranium Eutlicniunj, however, is believed “to hr 
isomorphous with rhodium, from the coirespoiidence m'^oinposition 
of their double chlorides. Bidymium and lanthanum are also 
probably isomorphous with cenum, as they ajipear to replace that 
metal in cente 

According to the onginal law of Mitscherlich, that isomorphism 
depends upon equality in the number of atoms, and similanty in ^ 
their arrangement, without reference to their nature, the element') 
themselves should all he isomorjihous Most of the metals crystal- 
lize m the simple forms of the cube or regular octoliedron, which arc 
not sufhcient to establish this relation. But the isomorphism of a 
large proportion, if not the whole, of the elements may be inferred 
from the isomorphism of their analogous compounds. Thus from tlie 
facts just adduced, it appears that the members of the following large 
class of elements arc hnked together froin the isomorphism of one 
or more of their comgounds This large class may be subdivided into 
smaller classes, between the members of which isomorphism is of 
more frequent occurrence, and which are then to be viewed ?s isomor- 
phous groups. 


• Johnston, Phil Mag 3d senes, vol iii p 387 
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1 Sulphur 
Selcmiiin 
Tellunmn 

2 Magnesium 
Calcium 
Muiigiuicec 
Iron 
Cobalt 
Nickel 
Zinc 

r'adinmm 
( opper 
Chromium 
Aliiuiiiiuiii 
Gliiciiium 

* Viinadiiuii 
ZuLOiiium 


ISOMORPIIOUS ELEMENTS 

3 Banum 
Strontium 

liCnil 

« 


1 Tin* 

Tilaiiium I. 


5 Fl.tliiiuiii 
Iruliiiiu 
Osmium 

C Tungsten 
Molylidcimni 
TaiiLilum 


With two atoms of I/, 
preceding etemints 

7 Sodium 
Silver 
Gold 

Potassium 

Ammoiiinm 

8 Chlorine 
Iodine 
Bromine 
Fluorine 
Cganogen 

9 Phosphorus 
Aral me 
Antimony 
Bismuth 


'I'lie tendency of discovery is to bring nil the elements into one class, 
either as isomoriihous atom to atom, or with the relation to the 
others which sodiun^ chlorine, and arsenic exlubit. 

But must not isomorplusm be iraphcitly relied upon m estimating 
atomic weights, and the alterations which it suggests be adopted 
without hesitation in every case ^ Cliemists have always been most 
anxious to possess a simple physical character by which atoms might 
be recognised, and equality of volume in the gaseous state, equality 
of specihc heat, and simdanty in crystalline form, have all in their 
turn been upheld as afibrding a certain criterion The indications of 
isomoiqihism certainly accord much better than those of the other 
two cnteriA with views of the constitution of bodies derived from 
considerations purely chemical, and arc indeed invaluable in estabhsh- 
iiig anelogy of composition in a class of bodies, by supplying a pre- 
cise character which can be expressed in numbers, instead of that 
general and ill-defined resemblance between alhed bodies, which 
chemists perceived by an acquired tact rather than by any rule, and 
wluch was heretofore their only guide m classification. Admitting 
that isomorphism is a ceitain proof of similarity of atomic constitu- 
tion wi thin a class of, elements and their compounds, it may still 
be doubted whether the relation cf the atom to^rystalline form 
18 the same without modification throughout the whole series of the 
dements, or whether all atoms agree exactly m this or any other phy- 
sical character. 
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Crystiillmc form aiul the isomorjihoiis relulion may prove lujt to 
be a rellectioii of iitojmc coiit-fituiioii, oi iirimetliati ly and iiccosauly 
connected nitli itj but to .in^e lioiii some sc'coiitlary property ot 
bodieSj such as tlieir ryLilioii to b(;at, in which a simple atom ni,iy 
occasionally icscmblc a compound body^ as nc liiid sulphur isoinoi- 
pilous in one ot its forms with bisnlpli.ite of pntasli, wlule 
find another siniph atom, |fotassium, isomoiphons tluough a loni' 
senes of com|Kmnds with the gioiip ot lue atoms which tonsti- 
tntc aminomuiii 'I'he ocduieuce of dimoipliism aUo, both in 
simple aiul coinpound bodies, gives to cijstalliiic form .i less luu- 
damciital cliaiactii 

Is it pi obablc that suJphiii and c.ubonatc of bmo eoiild be made 
to appeal m sets ot cii stals winch are wliollv unlike, meiel} by ,i 
slight eliaiige of teinpeiatiiu', it foimweie the eonsequenec ot.au 
iiuauable aloinic constitution^ Cnsl.illine hum, then, niav jicAsilily 
dciicncl upon some at piesciit niiknowii picqii i(v of bodies, which may 
have a tu’epieut and gem lal, but ontainl) not aiuiu.niablc lelatuui to 
then atomic constitution Theie mav bo uolhuig tiuly^eoiisislent 
witUtlic pimciphs of isoiiioiplusin m one atom ot a ccilain class of 
olciiuiits IwMiig tile same' ci\st<illogiai>hu v.vVai as two atoms ol 
another class, the iclatioii winch Icis been assiuiu'd to exist bc'twccii 
the sodium, cliloiiiie, and pliosphoiiis c lasso, and tin othcis, pailitii- 
Idily when the classes sjaml a])ai(, <uul dillei in Ilnur propinties (loin 
.ill the others, as those eif seietiuin ami rlilenmi eh) 
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Many seJiel, aiiel few licpnd, boelies aelmit ot a \an.ition ol 
ptopi'ities, and may pieseut clille-ie*iil appeMiaiices ut the same tem- 
pci aiiire 

Diinoiiiliisin, oi the assunqition ot two iiicom])atible crystalline 
forms by the same body, m dilliiciit c iicumstaiices, has altyaily been 
noticed as occuiniig with sulphiu, ca.boii, caiboualea of time anil, 
lead, bisulphatc ot p’otasli, and chiomate of lead It is .dsu ob- 
served in the bit>liospKale of soda, and in ij, considerable numbci 
of miucral« •The sulphate of* mckcl (KiO, SOj + 7110) is 
tumotjj/toHx , the othei salts ol similar composition, such as sul- 
phate of magnesia and suljiliatc of zinc, have been found in 
only of these forms Dimoiplious ciystols imiy differ fii deiisit>. 
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llic densities of calc spar and arragoiiite, the forms oi (mlKiiiale oL 
linie being 2 719 and 2 9<l9j and indeed all lesemblanee in ])U)])( dn s 
between the crystals iniiy be lost, as in diamond and fjiaplnte, flic 
t\io forma of carbon 'I'lic pai Uvular form .^siirnetl b\ snlplinr and 
carbonate of lime, \ilncli may be made to crystallize in cither of their 
forms at will, is found to depend* iijxni tlic dcgice of Icinperatuie at 
winch the solid is produced, caiboiiate'of hmc being piuipitatcd, on 
adding chloride of calcium to carbonate of ammonia, in a powder, of 
winch the grama have the form of calc-spai oi of anagomte, accoi cl- 
ing as the tunpciature of the solution is 50° oi 150°* A large 
ciystal of arragonito, when hcatt'd by a spirit-lamp, clecicjnlales, and 
falls into a powder composed of grains of cale-spar N.itive ear- 
bonate of iron is isodimorpkous with carbonate of hmc, .is spatlnc 
irou its specific gravity is .*1 .S72, as jimckeiite 3 81 5 The ciystnls 
of sulphur* producc'd at the liighci of two tempeiatnrcs become 
(ip.icjuc when kept foi some days in the an, and pass spontaneously 
into the other foim, while the, cijstals piodnced at the lowei (em- 
peintnro aie dismtcgiatcd and changed into the otliei foim bv a 
inoderalelic.it These obsciiations .no impoitant, as » stabli-'lniig n 
nlahon between diiWorpliisiu and solidilic.itioii .it diireieiit tem- 
peratures 

A cinisidc'i.iblc vaiialion of ])iopeilies is likiwisi* often ob eiv.ible 
in a solid winch is not ery&t.illiiu', or ot wliieli (he cri-'lnllnic linni 
"is iinletcrrainate This fict has been designated liv 

Bci/ehiis (from aXXorpojroc, ol a'dillerent n.itme) diinoiphi^in, oi 
diversity in ciystallnie Im'in, is, thou loie, .i jiaitn iil.ir ca'^e of .ill i- 
tnijiv Sulphide of mcicmy obt.uned b\ ])ii'npil<i(nig coiuisiu 
sublimate by liydiosulplmiie acid, i- black , but tin same brdy, win ii* 
siibhinecl by lu.it, or piodiucd by .igitatmg incmiiv in a solution oi 
the persii]]ihi(lo ot potassiinii, foiiiis cnin.ibnr, of which tin ])nwdii 
Is the re I pigment vermilion , while vermilion Am If, if lie.itid till 
snlplinr begins to sublime lioin it, .tnd then .^iiddcnly thrown into 
cold water, becomes black, although, if allowTil to cool slowly, it 
remains red Yet it is of the same composition exactly in the black 
Und red states The iodide of mercury newly sjiblimed is of a lively 
yellow colour, and may remain so for a long time, but it generally 
begins to pass into a fine sc,arlet ^ cooling, 'and iqay be m.ide to 
* uiidcTgo tins change of colour m an ftistant by stron{^y pressing it 
these, however, are tw'o different crystalline forms. The precipitated 


* Rose, Vlnl XfiR lil sines, vol \ii p lO'j 
N 
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sulpludc of antimony may be depnvcd of tlic water it contains, al 
the melting point ol tin. nilhout loMiig it** peculiar orange coloui , 
hut, uheii heated a little .drove tliat tciripi'rature, it slinuks, and 
assumes the black coloi^r <uid inetay« lustre of tlu' native siilphide, 
without any loss of weight Again, tlie hlafk sul])hide, when lie.ited 
strongly and thrown into u.alei, losds its metalho hislie, and aeipines 
a good deal of tin appeaianee'ol the ])n i ipitated sulphide CHirmn.ilo 
ol lead, which is usLi.dly yellow, if fused <uid thiown into cold uai(>i, 
gives a red powtlcr 'Die iiitiaies of le.nl :ue sonu'tiiiics white, .iiul 
somctmies yellow, and f r^stals of sidph.ile ol in.inganesc are ottiii 
deposited fiom the same bolntion, some of w'hicli uie jiink, and othi'is 
colouiless, .iltliough ulentiral 111 comp<»sih()n 

Such ditlerciues of toloni .iic peim.nunt, .Tivd not to be con- 
founded with cliaiigcs wliuli <uc peculiar to (crtaiii te'mjieratim's 
thus oiide ot zinc is ot a lemon-yellow colour, when stiongly Ittaled, 
hut milk-white .it a low tem]n latme, the o\idc of mcieiiry is miieh 
redder .it a high than .it a low' lepipeiatiuo, .iivd bichiomate ol 
potash, which is n.itmally icd, becomes almost bhick when lusiit 
by hc<it K\cn bodies in the g.i'eons slab .ue liable to tiansient 
changes of this kind, the blown nitrons tiiines Umig iiL.iily colouiles-, 
below /CIO, and on the otlvei hand deepi nnig gic<itly m colom at a 
high leinpciiituro. 

The condition of y/c/rs is a remaikahlc modification of the solnl 
foim assumed by many bodies Mattel in this state is not 
cryslalli/ed, and on breaking, present'- curvi d .md not pl.ain sni- 
faces, or its fi.icturc, in ininer.ilogieal language, is < , and 
not sjxnnj The indisposition to ciy'-tallizc, v'hieli causes soli(hhc.i- 
Tion in the form of glass, is more lem.iikahle in some bodies, siieli 
as phosphoric and houcic acids, and then coiiipouiids, than 111 otlia- 
The biphosphatc and hmarseiuatc of soda have the closest resemblance 
in properties, yet when both air fused by a l.irnp, the first solidities 
on cooling into .1 triinsparent colourless gl.iss, .ind the second into a 
white opaque in.iss composed of mteiLiced eiyst.illiue fibres The 
phosphate at the same time discharges sensibly less licyt than Hn' 
arseniate m solidifying, retaining probably a portion of its he.it ol 
fluidity, or lateut heat in a state of combination, while a glass 
None of the c^npounds of silieje acid and. a single base, such as 
soda or lime, or simple silicate,* becomes a glass on cooling from a 
state* of fusion, with the exception of the silicate ot lead containing a 
great excess of oxide they all crystallize But a mtatute of the 
same silicates, when fused, exhibits a peculiar viscosity or tenacity. 
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appears to have lost the faculty of crj^stalhzing, and constantly foims 
a glass The varieties of glass m common jise arc all such mixtures 
of silicates. GLiss is sometimes devil rihed when kept soft by lie.H 
for a long time, owing to the Separation the silicates from eadi 
other, and their crystallization , and the less mixc'd glasses are knmvn 
to be most liable to this change It is probable that all bodies differ, 
when in the vitreous and in the crystalluic foiin, in the piopnrtion of 
(ombined heat winch they possi'ss, as has been ob'-ervod of melted 
sugar (page 45) m these two conditions 

Arsciiious acid, when fused or newly subhitied, ajipcais as a 
Iransparcnt glass of a hght jcUow lint, but lett to itself, it slowly 
heeomes opaque and milk white, the change commencing at the 
surface and advancing to the ccntie, and ofidi requiring years to 
(oirqilete it, in a considerable mass 'I'hc aiscnious acid is no longer 
iitrcoiis, being changed into a innllitudo of little er^stals, whence 
results its opacity j and it has altered slightly at the same time iii 
dcnsitj and in sohibihly Ibitdlie passage fioin the vitieoiis to the 
ciystalline state may take iilace instcUitaiiconsly, and gueriscto an 
interesting phenouicnoti ohscivcd by 11 Kost 'I'he vitieous 
arspinous acid seems to dissolve in dilute and boding liydrocldoric 
acid without cliaiigo, but the solution on cooling deposits ciyshds 
which arc of the opaque acid, and a flaslv ot hght, which maybe 
^perceived in the dark, is emitted in the formation of each crystal 
This phenomenon di pends iqion and indicates tlic tiaiisition, for it 
does not occur when ar®einous acid already opaque is substituted 
for vitreous acid, and dissolved and allowed to crystallize in the 
•^amc manner. ^ 

A still greater change than (hose described, is induced upon 
certain bodies by exposure to a high temperature, without any 
corres])ondmg change in their composition Several metallic per- 
oxides, such as alumina, scsqiuoxide of chioiiiium and binoxide of 
tin, cease to be soluble lu acids aflei being hcatrcl to redness The 
same is true of a variety of salts, snch as many phosphates, tungstates, 
antimomatcvi, and silicates Many of these bodies contain w'ater in 
combination, when most readily dissolved by acids, whieh constituent 
IS dissipated at a high tempcratnic, but in general before the loss of 
solubility occurs, so that the contaiijed water alone is^ot the cause 
^^f the solubility. Berzelius remarked* an appearance often observable 
^^lien such bodies are under the influence of heat, and in the act of 
passing frou) the soluble to the insoluble state They suddenly glow 
become luminous, rising in temperature above the containing 
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vpsselj from a ili’^cliargc of lioat Tlip rciro iiiinPTiil gacloliiiito, Vrliidi 
IS a silicate of yttria, ^ffords a beniitliil oxiimple^of tins cluingp 
"Wlien heated it aiipcars to bum. Punt's light, aiid bpcomes yellow, 
but undergoes no cliai'gc iii weight Eluois^iai, and m<iny oUkt 
crystalline sub'stant.os, c \hibit ii feeble pliospliorpseenco wheti 
hciitedj wlnrh has no lelaliou to fins clitingp, aiiil is to bo distin- 
guislu'd from it 

'J'lie f Ilf iinistanep nw^l ceil.ini iP'P^ctiiig this (lunge ni hodic., 
which .(fleets so cleci>ly tluir cluniie.d propt'ilies, is tlut the bodies 
do not contain .1 ([ii.mtiij of IkmI, after the rli.inge, which they must 
h.ivc possessed befoie its occurience 111 a combined or l.iteiit foiin 
No poiider.ible coii'-lilnent is lost, but time is this loss of heat \ 
ch.ingo of niraiigeineiit of the paitirles, it is line, must oceiii at the 
same tunc 1 11 some of these hodu's, ‘uicli as is observed when siilj^iliite 
of soda IS eoiivei t( d by be it into a mixture of suljihiitc of soda and 
sidpbinrt of stMlium, without rliaiige ot wi'ight, hut it W’oiild be 
(bffirult to apply nn cxiihiiutiou ol .tins natuie to oxides, sneh as 
aluinin.i and bmoxide ol tin, wbirh cont.iin only two roiislitneiits, 
and still moip so loan element sikIi as taibon Tlio loss of he, it 
observed will alloicl all the exphiiution necpssaA, il heat be adnnttiil 
as ii ponstitueiit of bodies ecpi.iUy essintul as tlicir iiondii.ible 
elements As the oxide ot clirommm ])oss(>sscs nune combiiu'd luat 
when in the sohihli than in the iiisohihle state, the fust m.iy pi'tl> 
he viewed .is tbe hii'lici r<(l()inli', .uid the bnd\ in ipicstion may li.nc 
different propoitiniis of this as well .is of.m^ uthci constituent Ihil 
it IS to be regictted that oui knowledge lesjieding heat as a (’oii- 
stitupiit of bodies Is extiemely liiiuted , tin* definite piojiortion 111 
which it eiitcis into ic(' and otlni solids m rndtim;, .ind into steam 
and v.ipours, h.is been studied, and also the proportion emitted dming 
the comhiisiion of many bodies, winch h.is likewise proved to he 
drhnite Ihit the iiiflueiice which its addition or subtr.wLioii mav 
have on the chcinie.ii [iropeities of a bod) is .itpiesi'iil eiitncly matlei 
of conjecture The phenomena under eonsideratiori sc'cni to rdpme 
the admission of heat as a true coiistilneiit which can modify flic 
properties of bodies wery considerably, otherwise a great physical l.iw 
must be .abandoned, namely, that " 110 change of properties can occur 
without a chajjge of compositioij ” But if- heat be once admitted 
as a chemiud constituent of bodies, then a solution of the present 
difficulties may be looked for, for nothing is more certaui than that 
" a change m composition will account for any change m jaroperties ' 
Heat thus combined in definite proportions with bodies, and view I’d 
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as 11 coiistitueut, must not be confoiiiidefl with the spec ifjc he<it ot 
Ihc s-iine boche-', 01 their c.ip.Lcit\ foi M'lisible lieat, \ihich iiM} luve 
no relation to then coinbiiic'cl heat 


M'CIION VI IsOMI-JlISM 

111 siieli (h.uiges of jiiopeilic's as hue .iho.itly been describee], the 
iiicln uhiiility oC the body is iieiei lost lJul iiuiiieioiis iiislaiicts 
have picseiikd theiiiseliLs of two oi nioii bodus pos»( ssmif the same 
com])0‘'itioii, wluoh aie iimpic'slKmably ddleiciit substaiiec s, and not 
imitually coiivei tilde into each oihi i Ditfeient bodies (Iiiis at^tecnig 
111 composition, bntcMliniig in piopciliis, aie s.iul to bi 
(hryn mot., t'Cjiiiil, .ind firixit, pail), and llic'ii lel.ilinii is leiiiKil esn- 
niiiiMii 'Mie distovi i\ ol such bodies cscitidiimch intiusl, and 
(lu> li.ue iL( eivc d a coiisidLi.ible sliaie ot tin atlinlionot cheinisis 
Ihit the lesiilt ot a eaictnl stiiijv ol the boilies assonaled bv simi- 
lnit\ of conipoMlioii, though dilUiing in piopeities, lias bien ii|)oii 
the whole uiitavoniabli to the doc tune ol isomciisin Isoineiii. 
bodies iiavc in gcnctal been piovcd by tlie piogiess oi discoMU lo 
agree 111 tlie rel.iliM' pic)|)oilion ot tluii coiislitiients cml>, and to 
dillci citliii 111 (Ik aggiegate nunibc'i of tin atoms composing liii'in, 
01 111 (he inode ol ainiiigi iru iit ot llic'se .iloiiis , and cillliough new 
cases ot isoiiieiisin aie constantly aiising, ollius .ne nmo\ed .is llii‘\ 
Lome to admit ol e\pUii.ition t'liis is wli.iL w.is lo lie esix'clecl, 
lor isomensiii in the ahsti.ibt is improbable, .i chlleicnee in piopc ilies 
between hoches, witliout a dilleneuce in them coinpositioii, .ippeaiing 
to be an clleet without a 'snlheieiit cause llcmee, I he term isomcTism* 
II now geneialU employed m a hinilod sense, lo iiidieate snnjily the 
iduitity 111 coia|)osii Kill ol two oi more hodu's ,is c'S-piessed in the 
pto[)oil on ol their eoiislil neiits m 100 ]).iits Sivei.il i hisses ol 
such ibomcnc bodies may be loimod ^ 

The members ol the most iiuineicms cl.iss ol isoineuc bodus diflin 
in .itoinic V eight 'riiiis wc know .it pii'sent thrc'e gases, tlirc'e en 
loiii hquidb, and as many solids, which all consist ex.iilly of caibon 
and hydrogen, m the jiropoitioii ot one atom to one .itoiii, oi, iii 
Height, of 86 parts of carbon and licit liydtogl’n, very nearly These 
bodies agree in ultimate coinpositioii,'but diOei eoiiiplctcly in every 
other respcqjt But a representation of their chemical coiistiintioii 
explains at once the cause ol the differences thc^y present, as is ob\ ions 
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Ill the following foimuLo of four well diaractcnzcd members of tins 
isomenc group — 


Olefiant gas 
Gas from od 
Naphthene 
Cetene 


Equivalents and combining measure 
. C4 TI4 or 4 volumes. 
Cs or 4 volumes 
C'lfi lljs or 4 volumes 
^32 ^^32 4 volumes. 


It thus appears that the atom of ectone eontains twice as many atoms 
of carbon and ]i}(hogin as the atom of naphtlicne, four times ,is 
many as the atom ol ilie gas iioin oil, and eight times as in.inv .is 
tlic .itom of oleliant gas, whde .is the atom of all these bodies 
aflords the same measmeof \.ipour, or four volumes, they must dilhi 
as much iii density .is they do in the number of then constituent 
atoms It IS not suipnsing, theicfore, that tliey all possess difl’ci'eiit 
and peculiar piopeitics ISeviral gioup'. of bodies might be sclectiil 
from the Table at page' 119 , wluth h.avo a similar relation to eaeli 
other, the number of tlicir atoms being difl'crent, aliJiough then 
lelativc proportion is the sanu such as — 


Oil of lemons Tig 

Oil of turpentine Cjo Hm 

and, 

Naphihdhric' C20 ITg 

Paranaphthahne C^q 


A still more icmarkable case is presented by alcohol and the cllui 
from wood-spint, in winch there isidcntily'of condensation as neli .is 
of composition, witli ihfterent e(|inv.dcnts The vapours of these tiio 
liquids have in fact tlic same specific giavily, and contain, under c(|u.tl 
volumes, ccpial tpiantifics of carbon, hydiogcn, and oxygen Hut we 
know that they arc of a diffcicnt tyjie, alcohol being the hydiated 
oxide of ethyl, and ether of wood-spmt the oxide ot methyl, so that 
their constitution anc^ rational formulm are quite dift'crcnt . — 

-^Icohol C^ II5 O + HO. 

Ifithci of w'ood-spint , Cj H3 O 

♦ * 
In another class of isomenc bodies, the atomic weight may be 
equal, as well as^tho elementary f|Oroposifion • A pair belonging to 
this class are known, which coincide besides in the specific giavity 
of thfeii vapours The composition and atom of both thc.form]ate of 
the oxide of ethyl (formic ether) and the acetate of oxide.of methvi, 
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ijwy be represented by Cf, IT5 (I4 the density of both then vapours 
ii 2574 > and wli.it is very remarkable, these bodies 111 then ordinary 
lujuid state .ilmbst coiiif ide 111 piopcities, tltc density of formic etbci 
being 0 916 , and that of the .loetate of inetl^^deno 0 919 , (density ot 
nater being =), while tin' Just boils at 133 °, and the last at 136 1 ° 
But when acted on by alkidios, then pioducts are cntiiely diflcient, 
the one affoiding fonnic acid .ind ahisliol, and (lie othei .icetic acid 
.111(1 wood-s]niit Ij.ich of the isoim'iic bodu s ni (jue‘'tion conlanis, 
iiideid, two diflcient bin.iry cornpoiinds, and their constitution is 
(luly ropi C'Cnted by difleieiil foiinidfO — 

Knnmatc of oxide of tflnl ('4 TTr, O + Cj II Oj 

Acetate of oxide of mellnl Hj O fC4 IIj f), 

iii,«hi(di the same atoms aie seen to be \ci\ ditl'ereiitly ari.niged 
Tlie 1(1111 hicUtinci iL ha- Indi .ipplicd to bodies so related 

The la"! rhss of i-omciie hodu's .ue ol llie same' atomic weights, 
hill ^hcir constilulioii 01 moheiilai anangenunt being unknown, 
tin It isoinerTsin c.niuoL at jnesont bt expl,iin(‘d tt can scarcely 
he (Itnilited, ho\io\pi, (hat tluii niolenilaL airangemcnt is le.illy 
(lithient • 

One pan of such isomeric bodies will illustiatc tlie comtidinices 
obscr\cd not at .ill unfi('<]n( iitly .imong oig.uiic substances Tlie 
lareiuK and tuilaiu .uids, ot wliuli tin* lornpositiou is the s.uiu>, 
(xliibiL a siiml.uity ot inopeilies, .uid .1 pai.illehsin in their L]n.imr.d 
(liaracteiSj th.it aic tiiih .istomslrtiig 'I'hesc acids .ire found (ogetliei 
in the gi ape of llie L jipi'i lllinu 'I'liey ilillii lonsidcr.ibly 111 solu- 
bility, file racemic bi mg llu’ le.ist soluble, so tb.if they ni.iy be sep.i- 
iciled fioiii e.uli olhei b\ ei i st.diiAil ion , .md tlie i.ncinic add 
(oiit.niis ail .itoni of waten of ti\slaIli/,.itioii, wliuh is not found in 
the ciyst.ils of taitaiic .Kid They foim salts which corrt'spond very 
closelj m then solulnhly .mil other projieities T’he bilarfiale .iiul 
himccm.itc ol [lot.ish aie holli sparingly soluble salts tlie taitiatcs 
1111(1 iaecin.ites of lime, le.id, and baiyles, .uc all alike insoluble. 
Moth aeids foim a double s.dt with sod,i and aininorua, wliicli is an 
unusual kind of coinhmaliou But what is most surpnsnig, crystals 
of these double salts not only coincide lu (tie inopoition of then 
water and other constituents, and m the couqiosition of their acids, 
but .ilso in external foim, having been observed by* Mitsclicrlicli to 
be isomorplious A nearer appro.ich to identity could scarcely be 
conceived than is exhibited by these salts, winch aie, indeed, the 
same botJi in form and coinjiositioii. The crystallized acids are bolli 
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iiwdiriLLl in nil unusual uniiiiiei by heat, tiiul form three clasbcs 
of salts, as jilio'-plionc .uid does Tlie foiiimhc of both acids iii 
their ordinary class of salt 3 is Cg II4 0 ^ + Iw 0 atoms oV base (IVeiiiy), 
but by no trLatniciit caiij^lic one acid be transmuted into the other 
Lastly, every oigaiiic acid produces a new acid by destiuctivc dis- 
tillation, wliicli is peculiar to it, and is tcimcd its pyr-acid Now 
racemic and taitanc acid, whcF destroyed by heat, agice in giving 
birth to one and the same pyi-and 

Tile allatropy of elements has been supposed to throw' light upon 
the multiplicMtion of scin s of compounds arising from one radical, and 
tlie isomensm of cerlain compounds Fused sulphur pasocs through 
several allalrojnc cmulil 1011s .is its tcmpei.ilure is raised, 111 which it 
is imagined tliat tin oiiuiv.ileiit ol the element iriaj be doubled, tripled, 
and c\cn tpiadiiipled b\ a coalition ol so m.my single atoms anil ^le 
foiinatioii of coinpoiiiul atoms, whuli aie dishiigmshcd as'u sulpliiu, 
li siilplnii, S snlpliiit, y sulphur, hi llie difteiont sdics ot llie 

owguii acids ol snlpliui, eontaimng oii(>, two, thioe, and tom ecpaiv.i- 
lents ot siil|jhui, the diiUnont allatiojm \anotics of 9 ilpliui aie 
imagined to exist iSilicium m it • camlnislible ind iiu omhiislihle 
allatropic conditions may thus gi\c use to ililhau it silicic acids, and 
•illatropK boioiis and timgslcns to Ibc isomenc bone and tungstic 
acids 

SI'XTION VIl — AIIRVNCEJIENT OF lilt, EI.EHl Ms IN COMPOUNDa 

• 

The names of some compounds imply that* they contain other i oin- 
poutids, and nidiCiiti a certain atomic constitutn 11, while the names 
of other compounds express no particul.ir airanguncnt of their con- 
stituent atoms, but leave it to be inferred tliat the atoms arc all 
dnectly combined together Thus sxdphatc of soda implies the con- 
tinued existence of sulphunc acid and soda 111 the salt, while iirtm 
acid, or bmoxidc of hj^rogen, supposes no partition of the compound 
to w'hicli it i<« ai)])lied But it is to be remembered tliat the original 
framers of the nomenclature were guided more by facilities of an 
etvmological nature, in^coiistrucling such terras, than by views of tlie 
constitution of compounds 

01 a binary cci^pouud cxmtauiin^ single atoms of its constituents, 
there cannot be two modes of representing the constitution , hut w here 
one of*the constituents is present ui the proportion of tw ci or more 
aloins, seveial hypotheses can ulwnvs be formed of their in^de of .ig- 
gregaiioii In a senes of binary combinations ot the same elcmenis, 
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such as that of nitrogen and oxygen, NO,, NOj, NO^, NO^, NO3, 
the simplest view has generally been taken, namely, that it is the 
elements themselves which unite But 111 particular cases the chemist 
IS often involuntarily led into another opiMon Thus bmoxide of 
nitrogen is so often a product of the decomposition of nitric acid, that 
tlie acid appears more like u com|Jound of that oxide of nitrogen \iith 
oxygen, than a compound of nitrogen itsdf with oxygen When the 
biiioxide of hjdrogcii was first discovered by Thonard, he uas led by 
the whole train of its properties to \icw it as a compound of watci 
and oxygen, into which it is resolved with so much facility, and to 
name it accordingly oviji/rnalrd tmho, winch it may be, and not a 
direct combmatioii of hydrogen and oxygen , or its formula be 
IIO+O, and not IIO2 The penodnlo ot potisMuin, and the other 
aiidiogous rorapomirls obtained bv di'-solving iodine in metallic iodides, 
\icic tirst termed lodmctted iodides tioiu similar cousuleiatious, anil 
tJic hj'posulphiLcs, obtained by dis'-olving sulphni in sulphites, siil- 
/ihiiK tted s It may„be doubted whcthei chemists would 

return with advantage to any of these expicssions, the views ol (oiii- 
positioii which they ]ii(hc.ite being nnecitani, and not oflcinig a snl- 
licieiiL iiidiieeim lit W depait lioin the moie sjstcm.itic designations 
The binoxidc of hjdrogcii, for nistanrc, may he easily resolvtd into 
watei and 0x3 gen, not hi cause water ])ie-e\ists in it, but hLcauso 
watci is a compound of gicat stability, and is toinied when binoxide 
of hydrogen is decomposed Niliic acid, also, is as likely to be a 
eonijiouiid of quadoxideof uitiogeil w ith an additional atom of oxygen, 
as of biiioxide ot nitiogeu 'with tliiec atoms ot the same element 
Certain compound bodies, however, have been obseived to act the 
part of a simple bodv in combiiiatioii, and can be tiaccd through J 
series ol comjiounds The following substances, lor instanee, may be 
represented with considerable probability as coiiipounds of c<uboiiic 
oxide, is in the torniulac — 

CO, carbonic oxide 
CO + O, carlKimc acid 
CO + Cl, chloroxicarbomc ticid 
2 CO + O, oxahe acid 

I 

Carbonic oxide is said to be the iiultutf of this scries, a name 
applied to apy compound which is capable of combininy with si’inple 
bodies, as ^arboiiic oxide appears to do with oxygen and chloiino 111 
these compounds Messrs. Liebig and Wolilci hist pioved by decisive 



186 


ARBANGEMENT OF THE ELEMENTS IN COMPOUNDS 


experiments that such a radical exists m the benzoic combmatioiiSj 
which may be rcpreseiilcd thus — 

Ci 4 Hg Oa + 0, benzoic acid 

Ci4 Ilg Oj + llj Chhciitiid oil of bitter almonds 

Ci 4 Hj Oj + Cl, chlonde. of benzoyl, &c 

Cyanogen was the first rccogiifscd member of the class of compound 
radicals, oi which the number known to cheimsts is constantly in- 
creasing, and which appear to pervade the whole compounds ot 
organic chemistry In combining with simple bodies, radicals ad 
the part of other simple bodies, such as metals, chlorine, oxygen, &c 
u Inch they replace in comjiounds. 

With tlie clement'i tlicmselves compound radicals may be divided 
into two great classes — 

Tlic liast/f cla-'S, consisting of metals tlic oxides of which aie 
bases, hydrogen, and the coiresponding eomjiound radicals, ammo- 
nium, ethyl, &c These are electro-pQsitive bodies 

The mli-Kulica/ class — chloiinc, sulphur, oxygen, &c , with cya- 
nogen and other compound radicals uhich comhiac with metals and 
other members of the formei class, and form salts or coinpounils 
partaking of the saline character. Sucli radicals arc also termed 
sahf/en'i , they aic olortio-positur 

Voiistitittion of vrt/A — (If the supposed combinations of binaij 
compounds with binary compouiuls, the most numerous and inipoil.iiit 
cla'^s are salts Suljihatc ot •soda'is commonly viewed as a dnecl 
coinbiiiaiion ol sulphuric -iicid ami sod.t, each ])reseivnig its pro])ei 
nature m the compound , and so .ire all siimlar compounds of .an .u nl 
dxidcHitha basic oxide An oxygen aeid is .tllowcd to exist m them, 
and they arc paiticularly distnigiuslKd .u> “ ox} geii-acid salts ” iJul 
an opinion was pioninlgated long ago by Davy, that these salts might 
be constituted on the plan of the binary corajiounds of the former 
class, and their In drjitcd .icids on the plan of a hydrogen acid , a 
view which is su]iported by many analogies, and has latterly had .i 
pn'ferencc given to it by some ol our leading chemical aiithorities 
[t is, thcicforc, de'>ervmg of sctiohs consideration. 

One class of acids, the hydrogen acids, and the salts which thc^ 
prodiiee with alk.ihes* are unquestionably binary compounds, and 
were assumed *l)y Davy as tlic types of acids and salts m 
gcncrtil Ilydrocliloiic aeid is composed ot two elemeni^, chlorine 
and hydrogen, and with soda it forms water and elilonde of soduiin, 
thus — 



CONSTITUTION OF SALTS 


187 


Ilydroclilonc acid 
Soda 


f Hydrogen 
IClilonnc . 



Water, 


Chloride of sodium 


the hydrogen of the acid being rcpLited by sodium in the salt formed 
Hydrocyanic is another hydrogen acid, of which cyanide of sodium is 
a salt In general terms, a rarfica/ '‘(which may be either simple or 
compound, like chlorine or cyanogen) forms an acid with hydrogen, 
tuid a salt with sodium or any other metal 

Hydrated snlplniric acid, whicli tonsisijp of sulphuric acid and an 
atom of water, HO + SOj, is represented ns a hydrogen acid by 
transferring the oxygen of the watei to the sulphuric acid to form a 
new radical, SO 4 , which is suppo-ved to be in direct combination with 
tl® remaining atom of hjdiogen, as II In sulphate of soda, 

the oxygen of the soda is in the same manner transferred to tlie acid, 
or tiic formula of tlic salt is changed fiom NaO + SO, to Na + SO^ 
To SO 4 , the ^alt-radicil of sulphates, the name sulphioti has bcim 
apjihed, from the ciremnst.ince that, in tlii' voltaic decomposition of .1 
sulphate, SO 4 tiavels to the positive pole, .lud thi* metal or hydrogen 
to the negative piJle Its compounds, or the sulphates, become 
'ii//j>/uo>iidc<i Tlie hydrated acid and its soda salt arc thus named 
and denoted on the two views of their conslitiition — 


I ON TUB ACID TULOllY 

ITydiatcd sidplmric acid, stilphatc ot oxide of 

hjdiogcii, 01 hydtic sulphate lIO + SOj 

Siiljjh.ito of soda, sidpliate of oxide of sodium, 

or soibi sulph.ite , NaO + SO^’ 

II ON rue SALT-llAUIt'AL TIIKOKY 

Suliihiomdc of hydrogen . II + SO^ 

Sulphionidc of sodium Na+SO^ 

which hill formulm arc stnctly coni]miablc with those ol an admitted 
hydrogen acid and its salt, such as — 


Hydrochloric acid or chloride of liydrogcA IT + C1 

Clilondc of sodium . • Na+Cl 

or a*-^ > 

Hydrocyanic acid or cyanide of hydrogen ll + CjN 

Cyanfde of sodium , Na + CjN 


which thus appear compounds of three different radicals, chlorine (Cl), 
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cyAHogen (CjN), and sulphion (SO4), with the same elementary 
bodies, hydiogon and sodium Sulphion is known only m combin<u 
tioii, and htUs not been obLiiiccl in a separate state like ehloniic anrl 
cyanogen The body, s«il])hunc acid, SOj, which may be separated 
from some sulphates, and can exist by itself, is looked upon as a 
product of the decomposition of these salts, and not to pre-exist in 
them, so that a sccoiidtiiy chanictcr is assigned to it. 

Hydrated nitric acid, 01 aijua foilis, beconies a hydiogcii acid liy 
the ci cation of a nitrate radical, nitration it is the iiitratioiiide of 
hydiogeu instead ol tlie iiitjiate ol water — • 

Il-f NOg, iiisteail of ITO + NOg 

The nitintc of ]ki1.i-1i becomes the mtrationide ot pot.issunn, and so 
of all othei mtiatcs TIu* e\istcii<c of nitiation is hypothetical, asFit 
has not been uisuLded, but, in this ies|icct, it is not situated ^ilhci- 
wise than mtne add ilsell, wliuh (annul be eshibited 111 a sepaiati 
stale, and is bchc\ed to be capable u' existing only in a stati' ol 
combination 

It IS evident tliat the same vuw is applicable to li>dia 1 (d o\>gcn 
, Trills in gdieial, which may be made hMliogen*aiiils, b) assuming 
the oMsteiico of a new s.ih.iadu al toi eaeli, coiitaiiimg an atom moic 
of o\yg( n than the o\} gen acid itscll, and cajiablo of comhimiig 
directly with hydrogen .itid the metals The class of oxygen acid 
salts IS tlius abolished, and they bicomc binaiy coinjiouiids hki the 
cliloiidcs and cjuiiidcs Kveu oxygen acids tluinsulves can 110 loiigci 
be recognized It is not sulpliuiic acid (SO,), but wliat w.is foriiieily 
viewed as its compound willi water, that is the .icid, and it is a 
hydrogen acid The jirojicrties which chaiacteri/e acids are un- 
doubtedly only observed 111 the lijdiates of the oxygen acids Thus 
the anhydrous sulphunc acid does not redden litmus, and exhibits a 
disposition to combine with salts, such as chloride of potassium and 
sulphate of potash, raUicr than with bases The litpud carbonic .icid 
lias little affinity for water, docs not combine directly witli lime, but 
dissolves 111 alcohol, ether, and essential oils, like certam neiitial 
bodies It is only wljen associated with water tliat the bodii'S re- • 
ferred to exhibit acid jiroperlies, and then hydrogen acids may be 
produced ^ ^ 

On this view, it is obvious that the acid and salt are really bodies 
of the* same eoiistitution, hydiochloric acid being the cjilonde ot 
hydrogen, as eonunon salt is the chloride of sodium, and ^siilpliurie 
field iuid sulphate of soda being the sulpliiuiiKlcs ol hydrogen and of 
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sodium Tlic and icnctiuu and sour taste are not peculiar to flic 
liydrogen compound, and do not separate it from the otheis , Ihe 
cldonde, sulphlonide, and nilndionide ot ebpper being neaily as .md 
and corrosive as the ehlondc, «H]phionule, .\nd nitrationidc ot hyd lo- 
gon, and clearly hodit s of the same character and composition tlioy 
are all equally salts in coiistitutfoii The term " acid” is not abso- 
liitily required for any class of bodies included in the theory, and 
might, therefore, be dropjied, if it wcic not that an inconvenience 
would he felt in having no common name for such bodies eus anhy- 
drous sulphuric acid SO^, anhydrous nitric acid NOg, siiliiliiiious 
acid SOj, carbonic acid CO^, &c To Ihi'sc biibstanccs, ninth first 
hoie the name, it slioiild now be coiilincd In coiisidcuiig tin* 
genciatioii of salts, tlirec oidcrs of bodies nonhl he admitted, as m 
tlH‘ follow! ng tabuhu exposition of a few examples — 


I 

11 

ill 

Til ' Ac iJ 

Tlic rSalt-ndical 

Till Salt 

SO, , 

SO^» 

SO4 + 11 or a ini'tal 

NO, 

N()« 

NOg-l- 11 01 a met.1l 


NC^ 

Nt''2+ 11 or a metal 


• Cl 

Ci + ll 01 a metal 

Tlie fust tcim of the senes, or " 

the atul,” IS wanting in the List two 


f samples, and tlvit is tlu> pcouhaiiiy of those' bodies nine li const i- 
lutid tlie original class of liydiogcn aful'> and tlicir salts ■nlnlc, to 
tlic old class of oxygtn acid salts* both an acid and a salt-radical can 
be assigned, asm tlic firs't t\io examples 

TJie pet'iiliai advantages of the salt-iadicd llieoiy aie — 
first That, iiiste.ul of two, it makes Init one gn it cl.uss of salts, 
assimilating in conslitution bodiesnliuh ccrtiunly icseinhle lacli other 
111 propel tics Cliloiidc of sodium and sulphate of soda arc liofli 
neutral, and possess a common eliaiactei, w'liiph is that of a soda salt, 
hut they are separated nidcly from e.icli otlicr on the view of their 
constitution uhitli is expressed m their names 

Secondly it accounts for a reraarkahlc law winch is ohscrveil in 
' the construction of salts, namely, that bases always combine with as 
many atoms of acid as they themselves contain of oxygen , a protoxide, 
wrhich contams one atom of oxygen, combining and forming a ncutial 
salt with one atom of an oxygen aci4, while an oxufewlncli contains 
two atomic of oxy^gen to one of metal, like binoxide of palladium, 
forms a nfutral salt with twm atoms of acid , and an oxide of three 
atoms of oxygen to two of metal, like sesquioxidc of iron, forms a 
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neutral salt with tliree atoms of acid The acid and oxygen are tims 
always together in the exact proportion to form the salt-radiCcil, there 
being always an atom of fixygcn for every atom of acid in the salt 
This will appear more distinctly in -f he following formula-, which 
exhibit the composition of tlie iieiitial siilphiitcs of a metal in four 
different states of oxidation, an atom of metal being represented 
by E — 


EOUMULV OF NEUTRAL SULPHATES 
I II 


Ah < oiisisting of As roiibisluif? of Mclil 
OiiJo nud A( 111 nnd S.Jl-r uIk ul 


EO + SO, E + S(\ 

EaO + SO, E2 + SO4 


EO2+2SO, 


E + 2SO4 . . 


ii^Og+asOj . E2+3SO4 , 


as 111 sulphate of soil.i 
as in sulph.ite of siih- 
oMile of mercury 
as ni sul])li.itc of bm- 
OMile of pfilLiduim 
as ni sulphate of spsqui- 
ovide of 1101^ 


'rivo acid is seen m the first colomn to be .ilu.ns m the jiropei pio- 
portion to form a sulphioiiide of the metal m tlfc second column , 
nnd these sulpliionule'' coiiespoud exactly with known chlorides, such 
as E Cl, Ej Cl, E Clj, Ej Cl, 

Thirdly It offers a more simple anti philosophical explana- 
tion of the action of certain metals upon at id solutions, and of the 
decomposition of surh solutions 111 other t ircumstanres Thus when 
zinc is introduced into liydiochlonc acid (chlonilc of hydrogen), it 
13 allowed on both views, that the metal simply displaces tlie 
hydrogen which is evolved, and that cliloridc of zme is formed 
in the place of clilonde of hydrogen In the same w^ay, when znic 
is introduced into diluted sulpliuiic and, wdiich contains the 
sulphioindc of hydrogen on the binary tlicoiy, hydrogen is simply 
displaced and evolved ss before, and the sulphioiiule of zme is formed 
m the place of the sulphionide of liydrogcn The metal in question 
appears to be incapable of decomposing pure water by dispfcicmg its 
hydrogen at the temperature of the air, but this fact docs not 
interfere with the preceding explanation, as zinc may have a greater 
affinity for snlphion than for oxyyen, and, therefore, be capable ot 
decomposing the sulphionide, bulf not the oxide of hydrogen If the 
acid solution, however, contains sulphate of water, as it does on the 
old view, then zinc does and does not decompose water^ decom- 
posing it when in combination, but not when free. It becomes 
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necessary to assume that the presence of the acid enhances the 
ajfmity of the metal for the oxygen of the nater, in a 
nianner which cannot be clearly explainctt, for the solubility of 
oxide of zinc in the acid, to which the intluVice of the acid is ofl( ii 
asenbed, accounts for the contiiiuanee of the action, by providing 
for the removal of the oxide, rather than for its hi st eoinnienceiiipiit 
riie phenomena of the deconipositidli of an .uid solution in the 
\oltaic circle, aio also most smiply expLimed on tin* salt-radical 
tlioory Oxide ot hydrogen and bulphioiiidc of hydrogen, .iie both 
binary "electrolytes,” wliidi aie dec om posed in the voltaic circle in 
tlie same manner, although not witli eipial facility , the common 
element, hydrogen, proceeding fiom both to the ncg.ilivi' elcctiodi', 
and oxygen in the one case and sulpluon iii the other to the jiositive 
elestiode The sulphtou finds nator there, and icsolves itself into 
sulpliioiiidc of hydieigpii and free owgeii The deeoinposilion of 
lh( snlpluonide of sodium or any othei salt may hi cxpl.niud ni the 
same ounjilo manner, wliilc nii the othci vien, it must be assumed 
that a simultaneous tiansfei cm I iMtneeii tlu eleitiodesot acid and 
.illvali with the oxygen and hydiogeii of vialei lakes place, and the 
elket of the acid tn promoting the dicoinposition ot the watci 
umaiiis unaccounted foi 

When a metallic oxide is dissolved m an acid solution, as oxide of 
/me m diluted sulphuric acid, the icactioii which occuis is thus 
< xplamed on the biiiaiy theory 

Sulphioiiide of ( Hydrogen "Wkiler 

hydrogen I Snlpliioti 

Oxide of /me | 

-IS in the rcaciion between the same oxide and hydrocliloric acid 
(page 187) 

'I'lic chief objections to tlie salt-radical theory^ are — 

I’lrst The creation of so many hypothetical radicals , miniely, one 
for eveiy '■lass of oxygeii-aeid salts But it is to be remembered 
.that the great proportion of oxygen acids, such as nitric, acetic, 
oxalic, &c are equally of an ideal character, and cannot be exhibited 
in a separate state 

Secondly The peculi.irities of tlio salts of phosphoric acid winch 
arc supposed to be mimical to the new view That acid /onus 
three diflerent and independent classes of salts, containing respec- 
tively one, two, and three, equivalents of base to one of acid On 
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the binary tluKirv, these throe classes of salts must contain tin or 
different salt-radioals, oombincd ic&pectivoly with one, two, and 
three ecjuivalents of liydPogon or metal The ihrde phosphates of 
water and the coi respq^ding phosphionidcs of hydrogen would be 
represented as follows — 

I 11 III 

HO + POg . . 2llb+P05 . 8HO + PO5 

H + POe 2II + PO, . Sll + POg 

Such salt-radicals .md sneh compounds ivith hydrogen startle us, fioni 
their novelty, but it iiiav be questioned whether they are really more 
singular than the auormal classes of phosphates, conUuriing scveial 
equivalents of base, lor winch they arc substituted, but which we have 
been more accustomed to contemplate All the s-.dt-radicals kiuwu 
in a sepaiatc state, such as chlonnc and cyanogen, combiilc with one 
ccpnvalent only of Sydrogen, or arc inonobacylous, but it would he 
unfair to assume m the present irappiicct state of our knowledge 
that other salt-radicals may not exist, capable of conibiinng with two 
or three eqnivcdents of hjdiogen, as the phospliafe-iatbcnls aic su])- 
posed to do The cxistcnec of at least one siioli radical is Inglily 
probable, as will afleiwards ajipeai 

In conclusion, it inav he silted that ncitlici view of the constilii- 
tioii of the oxygen-acid salts, (which alone are alferted by this dis- 
cussion), rests on demoiisiralive cvidenec, they arc both h>potheM's. 
and are both ( apablc of explaining* all (lie plienomeiia of tlie salts 
But to whiehevei of them a speculative pic'ien’iiee is given, we can 
scarcely avoid using the language of the* acid theory, 111 the jiic'sent 
s*tate of clieinic-al scienc e 

W'^ithoiil deciding clcfiiiitivcly m favour of one or othcT of (lie 
iival theoiies, it is w'cll to keep 111 view fhot the great class of s-dts 
includes ecimpoiincls which differ essentially in their capacity of 
analytical decomposition A ceilaiu nuniber of salts contain s.ilt- 
radicals which can be isolated, others oxygen-aeids which can be 
isolated, while cithers have yet afforded neither ssdt-radical nor acid 
in a separate state Hence, they may be classed as — 

1. Salts of isolabre salt-radicals chlondcs, cyanides, sulpho- 
cyanides, &o 

^ ^ Salts of i^lablc acids sulpliates, carbonates, &c 

3 •Salts which contain neither an isolable salt-radical noi an 
isolable acid nitrates, acetates, hyposulphites, &c Even admitting 
that cdl salts have the same constitution, the capability o? breaking 
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up m such (liffercnt ways must affect their modes of decomposition 
111 different circumstances, and produce dilfcrcnccs m properties 
which render such distinctions important 

It has become further ncce^ary to recognize three classes of 
oxygcn-acid salts, wlucli in the language of tlic acid theory contain 
one, two, and three equivalents of base^to one of ,irid 

1 Monobasic salts — The gicat proportion of acids, such as 

sidpiiunc, iiitiic, &c neutralize but one efjiiualent ot base, or more 
(Oircctly combine in the proportion of one equivalent ot acid to each 
equivalent of oxygen m the base, and form, tlieicforc, j/<o//^ybasic 
salts (Sec foriiuda’ of the iiential sulphates, page 190 ) But this 
i<5 not inconsisti'iit with an acid foiining two senes of salts witli the 
s.ime base or class of isomorphous b.ises Thus tlieic appeal to be 
hi 0 Veil-marked classes of Miljihatcs of tlie niagncsi.ui oxide’’, nliich 
agree ir having one ecpiualent of liase, but ditler essentially in the 
proportions of coinbiiicd water wliuli they affect tn one senes the 
sulphate IS comjnued with one* tliiee, fne, m seven equivalents of 
water Copperas (a sulphate of non), I'lpso'u sail (a sulphate of 
riagnesia), blue vitiiol (<i sulphate of rnjipei), and most of the well- 
known magnesian sulphates, belong to tins class, which may be called 
the copperas class ot sulphates All the members ot it are veiy so- 
luble in water, and form double salts with sulphate of potash The 
other senes atlect two, foul, and six e({mvalents of water They arc 
less known, but appear to be of spanng solubility, and to be incapable 
of forming double salts with sulpliatc of potash. Gypsum or sul- 
phate of lime belongs to this class, which may, tlicicfoie, be called 
the gypsum class of magnesian sulpliatcs Sulpliate of iron is said 
fo crystallize from solution in sulphmic acid with two equivalents 
of water, with the crystallmc form and spanng solubility of gypsum 
Di Kane obtained a sulphate of copper with four equivalents of 
water, by exposing the anliyilrous salt to the vapoui of hydioehlono 
and, which appears to be the second tciin in tli’ii senes, and Mit- 
jclierbch still mamtains the cMsteiicc of a peculiar sulpliate of mag- 
nesia contajiing six equivalents of water of crystalh/atiou, which 
will constitute the third term It is evident that the cause of such 
double classes of salts is as deeply seated as that of dimoiphism, and 
hence, possibly, the magnesian sulj^iate itself, which pxists in thq 
two classsesj is not the same in its Constitution witli lefcrcnce to 
heat. , 

2 Bibastf salts — ^Tliat class of phosphates whicli received the 
name of pyrophosphates, was the first in winch one equivalent of 
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acid was found to neutralize two equivalents of base , tlieir formal, c 
being 2RO, Tlie cLisses of tartrates and racemates aiIik'U 

have long been kiiou ii t^ chemists, are also bibasic salts. It is tlie 
cbaracter of <i bibasic n/id to unite at once with two diflerrnt bait's 
of tlic same natui,d family, winch accounts for the foiination oi 
Jloclnllc ''“all, the taitiate of pol,i‘'Ti and soda, of which the foiiiuila 
IS 1\(), Na O + C^ IJ4 (1,0 It has also been sliowm that gallic acid 
IS bibiiiic, the gallate of load being thus composed 3 L’b O + Cy 11 (), 
Now if we .ittdiqit to make this a monobasic salt by dnuling 
the eqiiu all iits both in base and and by two, an equiv.ilciit of gallic 
acid would come to ( oiilaiu half an eqniv.deiit of hjdiogeii, wludi 
Licbig considers as conclusive against the division of its atoniic 
weight ItacoiiiCj eomcnic, cuchi 0111c, fidmimc, <iml sevei.d otlu'i 
organic hibasic acids, unghi be named The compound acids Iohiu d 
h^ the nnioii of two others, and called ccqmlatctl acids, buchqs hjpO' 
sulydiobcnzoic acid, are usually ol tins class 

3 Tnhg,siG Aff/Zs — The tiibasic ydiosphatcs of tlic foiimda 
3110, i’Oj, have likewise pro\ed to be the l\pe ot .1 class of salts One 
ecjiiivah nt ol oiseiuc acid neidiali/cs tbice t(|nnaknts of base, si,, 
it is jiroli.ilile, docs one atom of jdiosjihoioiis ac^d Tannic acid aho 
saturatc's three atoms of base, the foiimdaof Ihelannatc of lead being 
3J^bO + C,,j n. Op (Licbig) TIktc lb llie same necessity to admit that 
citric acid is tiibasic, and tlic tonnula of a citrate 3110 + 0,2 
as there is to allow that g.ilhe acid is hibasie Most of the cituitcs 
contain two ecpuvalciits ol lixcd base tind one of watci, but the citiate 
^f silver contains tlirec equivalents of d\nle of silver. Cyaiiune, 
meconic, camplionc, and scieial olJici oig.uiir acids, arc tribasif. 

Two of tlic three atoms ot base m this class of b,dts may be dil- 
feieiit, as is observed 111 ccitaui citiatcs, cyanurates, and phospliati “5, 
or the w'hole tlirec may he diU’erent, as in the phosphate called 
microcobinic salt, which contains at once soda, oxide of auunomun', 
and water as bascs*^ TVo 01 inoie ot the bases inayhkcwise be iso- 
morphous, or at least belong to the same natural f,unily as soda and 
oxide of ammomum, water, and magnesia, 

Sa/is Uhiially dcnominaU'il Suhsalts . — Tlic preceding classes ul 
salts, and many other bodies also, arc capable of combining with a 
certain proportion ol water, generally vaguely spoken of as water of 
crybtalhzation The compounds of the present class appear to be 


* Tiiqiiinca rcspceliiig Uic ( uubtitutiiiii of Soils , of oxtilali*,, iiiinffis. j)lios])liai 
Eiilplintcs, oud dilondcs Pin] Tr.iiis 1837, p.igo 47 
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salts winch have assumed a fixed mctalhc oxide in the place of tins 
M.itcr They may, therefore, be truly neutral m composition, the 
p\(css of oxide not standing iii tlic relatioil of base to the ticid It 
ajipctirs that the formulae of the •nitrates nai\3d «iic as folloivs — 

t 

Nitrateof water (acid of sp gr 1 ,1-2) 110, \0r, + 3110 

jMitrato of coppci (prismatic) f'li O, N()r, + 3I10 

Nitrate of copjier (rhombotdal) (^u O, NO^ + flllO 

Siibnitratc of eoiiper Cii O, NOg + ‘5(Cii O, 1 10) 

1 have dishiiguislied as < the three atoms of nater winch 

CMst 111 these and all the magnesian nitrates, and whitli aic rejilaced 
by till 00 atoms of liydiatcd oxide of copper m the submtiatc of cojiiii'i, 
vlnoli IS thcrofoic a nitrate of copper, with the tiddihon of coii- 
stihilional (not basic) oxide of co])jk*p, a view which is p\pios<sed by 
the an aiigcmcnt of flip symbols in its iorinnla 

Tlip subnitiatcs of /me and lead, and probablj also those of mckcl 
and cobalt, have .i similar composilion (Oerhardt) A. ^jmilai coire- 
siioudcncc IS obsened bctwctii llic cryslalli/cd neutial suljihate of 
rojipor, and t lie siibsulpliato of copper, pontaining four tt[Uivalcnts 
of oxide of pojippr, hnd five of water to one of acid — 

Suljiliatp of coppci, CuO, SOy 1 TO +4110 

Subsulphatp of copper, f hiO, SOy (f 'uO, I lO) + 2 (CuO, 110) + 2 I TO 

Three c(pii\alcnts of water iii the neutral s.ilt appear to be rcjilaccd 
by tbrcc cipuvalcuts of hjdiated 5\ide of coppci in the subsalt The 
leinaiiiing 2 1 10 of the latter salt are expelled by a model ate heat, 
while the othci 4 [TO m combination with oxide of copjiei, arc 
extricated by a much liighci tenipcr.itiirc, and their sepaiation 
attended by a palpable decomposition of the salt, as it .illords a 
portion’lof soluble neutral salt afteiwaids to water The lemaik is 
made by M Gcibardt, that the number of such subsdts is greatly 
1 xaggerated, xvhich is (pate m acrordance with piyown observations, 
few salts coinbiuiiig with an excess of oxide in more than one or two 
pioportiors Most subsalts are entirely insoluble in water, but wVien 
•they possess a certain degree of solubility, they may all'ord othei 
analogous subsalts by double decomposition T’hii& a solution ot 
bisubnitrate of lead, PbO, NO^ + pbO, ITO, on the addition of neu- 
tral chromate of potash allows the red bisubi liromate of lead, PbO, 
CrOj+PbO, to iirecipitatc M Gerhardt, who observed tins' fart, 
considers ^hat it assimilates the nitrates and pyrophosphates, and 
indicates that the latter arc ordinary sulisalts But this is leally a 
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coincidence of small imjiortancc, while nitnc acid affords no bibasic 
hydratcj nor a bibasic salt of soda^ as phosphoric acid does 

Water, oxide of coppei, oxide of lc«id, and the hydrates of these 
metallic oxides, apjicar^lo lie the bodies most disposed to tittiicli 
themselves to salts in tins inauiier 'I’lie stiong alkalies, potasli and 
soda, arc nevei found in such a relation, or discharging any other 
function than that of b.ise to tlie acid of the salt 'rhese views of 
subsalts, in winch tlieir const itiilion.il nciitiahtv is preserved, h.a\c 
been extended to org.inie toniponnds Many neutr.il organic bodies 
appear to be capable of < ombiinng with metallic oxides, partieularly 
with oxide of lead — such <is sugar, amidin, dextiiu, orciii, and thc> 
generally coinhnie with several atoms of the oxide TJiiis in tlie 
compound of orcin and oxide of lc.id, Cj, II7 O, + . 5 PbO, the orcni 
IS combined with five atoms of constitutional oxide of lead, whirli 
actually replace five atoms of constitutional water, winch orcip in its 
ordinary state contains 

Constitution<al water is sometimes rl’])l<ioed hy a so which ncwci 
happens with basic water Thus o.me sugar may be represented as 
C,a JI,i Oi„ or rather C24 Ifai 0^2, of wlucli one atom of w<iter 
may be replaced by ehloiide of sodmin, <nnd tlif compound foiined, 
C24 H21 Oji + NaCl It is to be obscived that eonstitutioiial watei 
13 &iipor.iddcd to a salt, and such .in element is leinoved and leplacccl 
without atfccting the structure of the body to wh'th it is attailud 
The replacing substance m.iy .ilso be a compound of a very diflereiit 
character from watei , for besides met.dlie oxides and s.ilts, aTnraom<i 
and certain anhydrous acids appe.ir to be c.ij)dble of .ittaching them- 
selves to salts, m the same imiimeras const it iitLomd w.ilcr 
* A ibfferent view of the eonstilution of snbsalts is advocated by 
M Millon, who assumes tlic exiNtcncc of ])oly-atomic bases, or tliat 
two, three, four, .ind even six equivalents of w .xter or a metallic oxide, 
may together constitute a single equivalent ot base, and mule as aiicli 
with a single cquivalgnt of acid to form a neutral salt * 

of tin- type of ted chi ornate of potubh — Several salts unite 
with aahydious acid** Tims both chloride of sodium aifd chloride 
of potassium absoib aud combine with two atoms of anhydrous snl-" 
phunc acid without decomposition, when exposed to the vapour of 
that substance Sulpliate of pota|h also combines with one atom of 
anhydrous sulpTiuric acid All'thcse compounds are destroyed by 
watef But the red chromate of potash, generally calle<i»bieliroinate 


* Annalcs dc Chimie et de Physique, xviii 333 
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of potash, which consists of chromate of potash together with one 
atom of clironnc acid, is possessed of greater stability, as is bki'w ise 
the compound of cliloride of sodium or pottssiuiu with two atoms of 
chromic acid Another com|)oimd containing one atom of potash 
and tliree atoms of chromic acid, know n as tlic tcrchromati' of poi ash, 
may be viewed as a combinatioh ot chi ornate of potash with two 
atoms of chromic acid, and represented by KO, CrO^ + 2{>Oj Tlic 
bicliromatc of potash will then be KO, CiO, + CiOj, and the chromate 
containing chloride of jiotassmm, KCl + 2CrOj The himodate of 
potash (lodate of w’.iter and ]iotasb) inaj be rendeicd anhydrous, and, 
w'hen so, is a salt of the same class 

Double )>alts — Salts combine with c<ic]i otlici, but by no means 
indiscriminately ^ViLli a tew exceptions, which may be pl.iced out 
of (Sonsideration for the ]iresent, the combining salts have alwajs the 
same acid — sulphates combining willi snlpliates, ehloiidcs with 
cliloiides '^flieu baacs oi then metals, lunvever, must belong to 
difleioat natiual families Th is it may be tiueslmncHl whelln'i a salt 
ol potash cvci comliiiiob with a salt ol soda, ceilaiidy nevei with 
a salt of aimnonia Sails of the uuineums mct.ds mcluilmg hydiogcn, 
belonging to the mJgnesian Liiuily, do not eombinc togithci 'L’hus 
sulpluite of magnesia does not toim a double salt with siil])h.ite 
of lime, with sulphate of /aiie, oi wilh sulphate ol watci , while on 
the othei hand salts of this family me miuh disposed to combine 
with salts of the potassium family — sulphate of soda, foi iiistaiue, 
forming double salts with sidpliatc of lime, suljiliatc of ziiie, and sul- 
phate of water We have thus the means of distinguishing bclueen 
a double salt, and the salt of a bib.isic or tnbasic acid The bisid- 
pliiite and binuxalate of potash «atur,ite(l with soda, foim sulph,ites’ 
■md oxalaics ol potash and soda, which separate from cacli other by 
trjstallusation, iilthough Ihe acid salts are themselves double sails ol 
water and pot.is!i But the acid fulminate of silver, or the acid 
tartrate of potash (bitartratc), tdlords only onrj s.dt when saturated 
with soda, in which isoinorphous bases exist, and which, therefore, 
IS a salt one acid, and not a compound ol two Sidts The great 
i^roportion of the salts which arc named vwjic/, acid and Ai-salts, 
contain a salt of water, and are double salts — such as the sH]icrear- 
bonate of soda (IIO, -COj-f-NaO^COJ, the bisulphate of polasli 
(IlO, SOj -P KO, SOj), and the binacetate of soda but a few of them 
bibasic or tnbasic salts, contaimng one or two atoms of water as 
base — such, as tlic salt called bitartrate of potash, or biphosphate 
of potash (2110, KO-pPOg). 

Prom these observations must be excepted double salts formed by 
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fubioTij and many salts formed m highly acid solutions, which an 
scarcely hunted in vancty of composition, carbonate of potash tiising 
with the carbonate orlsulphatc of soda, and sulphate of barjta 
crystallizing in coinbinAion with sulpliatc of water, fiom solution 
111 sulphuiic acid Such salts aic decomposed by water, and aic 
otherwise deficient in stability^, compared with the soluble doiibh 
salts, to wliidi .done the preceding remarks apply. 

Thcic IS no parallelism between the constitution of a double sail 
and that of a simple salt itself, or foundation tor the stateinciitb 
winch .ire sometimes made, that one of the salts which compose a 
double salt has the lelalioii to the othei of an acid to a b.ise, and 
that one salt is elect lo iiegatuc to the other The resolution ol 
a double salt into its conslitucnt salts by electiicity, has never lx in 
exhibited, and is not to be expected, fiom what is known* ol 
clectiolyhc action, while no analogy whatever subsists between 
a double salt and a simple salt on the biiiaiy view of the consnlu- 
tion of tlu' latter licsulcs, the snpjKisetl analogy i^dcstiojcd I'v 
w'hat IS known oi the deiivation of doiihlc salts Sulphate oi 
inngiK'sia acepnus an atom of snlph.ite ol potasli in the place ot an 
atom ot wati'i, which is sfiongly attaclied to iT, iii becoming tlie 
double sulphate of inagnesia and potish In the same way, the 
sulpliatc ot water has an atom ot watei also ropl.xeed by sulplnite ol 
potash, in becoming the bisulphatc of potash , relations whnii 
appear in the rational foimuke of these salts 


Sulphate ot inagnchu 
Suljihatc of magnesia and pot.ish 
Sulphate of water (acid of sp gr I 78) 
Bisulphdlc of potash 


Mg 8 (II) + Gil 
Mg S (k S) ^ Gll 
II S (H) 

11 S (k S) 


It thus appears that a provision exists in sulphate of m.ignc'-ia 
iteelf for the fonuaVou of a double salt, and that the inolecul.n 
structure is unaltered, notwithstanding tlie assumption of the sul- 
phate of potash as a constituent Tlie dciivation of the aflid oxal.it' ^ 
likewise thiows much light on the nature of double salts Tin* 
oxalate of potash contains an atom of constitutional water, whicli 
replaced by hylrated oxalic acid|(thc crystalhzed oxalate of watci)) 
in the formation of the binoxalaleof potash (double oxalate of pot.i'-li 
and water), or by the oxalate of copper in the formation of the double 
oxalate of potash and copper, as exhibited in the foUowiag fonnidn* 
in which the replacing substances are enclosed m brackets to maik 
them as before . 
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Oxalate of potash 
Binoxalate of potash . 

Oxalate of potash and copper 

I 

Now the anonialous salt^ quadi oxalate of potash^ is derived in the 
same way from the binoxalate, as the binoxalate itself is derived 
from the neutral oxalate, two atoms of water being displaced by two 
itoins of hydrated oxalic acid, thus 

Jliuoxalalc of potash . K CC, II OC, (211) 

Quadioxalate of potash K CO, HOC, ( 2 IICCJI 2 ) 

These exain))h’s illustrate the derivation of double salts by 
The stinclurc of the salt‘^, too, excnipliiies wh.it 
may he called consct uliri- comlniialion The h.isis of the l.ist 
mi ntioned s.ilt, for nist.inci, i-^ ox d.itc of jiota-'li, winch is in diiect 
eombiiiatiou with ox.datc ol,watei A componnd body is thus 
juoiUiccd which seems to iimfo r/s a uh»l( witli two atoms of 
ludialed oxalic acid Tins is very dilleiciit liom the diiict toin- 
hmatiou of all the elements which conqiosc the salt. 

In the foimation of many other classes ol donble salts, no siibsti- 
tiilioii IS ohscivcd, but simply the att.ichment of two salts together, 
olten of ananlndrous with ahydiated&.ill, inwliicli ease the last often 
enmes its conihiiicd ivalcr along with it, and sometimes .lequires an 
addjlional proportion Thus iiiHlieformnl.i ol the double thlorule of 
potassium .uid coppei, K'Cl + Cn Cl, 2110, the formulic of its loiisti- 
tiieiit salts 1 (’appear without alteration , and in tli.it of .diiin, suljihatc 
of potash IS loiiiidwith the hvdialed sulphate of aliinima annexe 4 , 
ot winch the w.itci is increased fiom eighteen to twcnty-foiii atoms 
in these and <dl other double salts, the characters of the constituent 
j.ilts rre very little aih'ccted by tlicir state of umoii It one of 
them lias an aeid icac lion, like sulphate of alumina or cliloude of 
copper, it retains the same character 111 combination , and iiotlniig 
resembling a mutual neutralization of the salts by eacli othir is ever 
’ obseivcd No heat is evolved m their formation (Memoirs of the 
Clieinical Society, 11 51) 

The compounds of, clilondes with clilondc*s, and of iodides with 
iodides, arc numerous, and were viewed by lloiisdor? as simple salts, 
in whicli* one of the clilondes is the acid, and the other the base 
But sucl^ ail opinion can no longer be ciitcrtaiiicd, the chlorides 
themselves being unquestionably salts, and their compounds, lliei c- 
forc, double salts 


K CC, (II) 

K CC, (11 CC ly 
\ K CC, (Cu CC II,) 



200 


AUllAN(iE]ai!:N'l OK THE ULEMliNTS IN COMPOUNDS 


The combinationa of such salts with each other as coiitam 
different acids are not so well understood, the theory of their forniri- 
tion having hitherto beau little attended to They are in general 
decomposed by water, ^/Ld e.iMly, if tlie solubility of one ot then 
constituents is coiisidcrdble, as is* ohseivcd of the compounds of 
lodate of soda witli one and with* two proportions of cliloride of 
sodium, of the bimoilato of ifolash with the sulphate of pota^ili, 
of the oxalate of lime with the chloiide of calcium 

The (oiniioiind cyanides, which foiin a considerable class of 
salts, must be excepted from all the preceding general statements 
in regard to double salts fl\anides of the same family comhnic 
together, as cyanide of non with cyanide of hydrogen , the com- 
pound cyanide also generally consists ol three and not of tw o simple 
cyamdes , and lastly, the properties of compound cyanides arc very 
different fiom those of tlie simple cyanides which arc shpposcd to 
compose them The simple cyamde of potassium, for instance, is 
higlily poisonous, while tlic double Ciaiiide of potassium and non 
is as mild in its action upon the animal economy as su^atc of sod.i 
But the compound cyanides may be removed Ironi the flass of double’ 
salts, on a speculative view of their constitution wlp J; their anomalous 
character led me to propose It is to be jircinised tliat the siijiposcd 
double proto-cyamde of iioii iiiid potassium (yellow prussiatc ol 
Iiotash) affords no liydioey.iiiic aciil wh.itever wdien distilled with an 
excess of sulphuric acid at a tcmpciatiue not exceeding 100°, whitli 
suggests tlie idea that it does not contain cyamdes or cyanogen 
Assuming the existence ot a new compoutid radical, N, winch 
has tlircc times the atomic wx'iglit of <yanogen, and may be called 
jnnh'iine, and wliicli is also or capalde of combining with 

three atoms ot hydiogen or metal, like the radical of the tnbasic 
class of phosphates, then the compoiuid cyanides assume a constitu- 
tion of extreme simplicity Wc Iiave one atom of prussinc combined 
always v\ ith three atoms of hydrogen or metal in the following salts , 
in the proto-cyamde of iron and potassium with one of iron and two 
of potassium , in the compound called ferro-cyanic acid, jvitli one 
of iron and two of hydrogen , in Mosandcr’s sdts, with one of ii'oii; 
one of potassium and one of banum, calcium, &c , with two of iron 
and one of jiotassium iii the salt vduch precipitates on distilling tjie 
yellow prussiatc T)f potash with swlphunc acid at 212°. To many ot 
these, 'paiallel combinations might be adduced from the tnbasic 
phosphates. Prussides like« ise combine together, produci^jg double 
prussidcs, such as 
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Percyanide of iron and potas- 
sium (red pmssutcof potash) Pcj, N3 Cj + Kg, N, Cg 

Prussian blue . . . NjjCg-i-Pca, Nj Cg 

Basic Prussian blue . Fea> N3 Gg +Fe3, Nj Cg -l-Fca Oj 

» 

Formutwn uf Ralt» hy suh’^ittution — Chemists have come tj 
jiroiiouncc less decidedly on theories xif the constitution of sidts and 
the arrangement of dements in these and other eompounds, since 
their attention has been fixed upon the formation of compounds^ by 
the substitution of one element for another, without injury to the 
original form or type, and often to give a preference to empirical over 
rational formulai, while their opinions on chemical constitution were 
si]'*pendcd The elementary composition of oil of vitriol, or the 
hjdnc sulphate, is cxpi eased bj SO4U, the sulphate tjpc, and othei 
neutral sulphates, are formed by replacing the lijdrogen by a metal, 
the zinc sulphate, SO4 7 jii , the soda sulphate, S04Na M Gerhardt, 
assuming as a law that the c(piiv,ilciit of all compound bodies giies 
two volumes df vapour, divides the equiv, dents of the following 
elements by two — nitiogen, phosphorus, chlonne, hydrogen, and ail 
the metals, and is ^hereby enabled to construct substitution formulcr, 
whidi arc often reinarhable for their simplicity. This mil appiar in 
the following selected formula* — 


FoiuiuLyK BY M GEuiiAunr 

( 0 =S, S= 1 G, the othei symlnth — half the usual cyuiiah uts ) 

I NiniATl'S 

Jlydnc nitrate NO4 11 

M.ignesia nitrate ^(^4 hlg 

Potash nitrate . NO4 K 

II SUl PHATES. 



Hydnc sulphate 
Magnesia suljihiitc 
Potash sulphate 
Potash bisulpliate 


. SO4 

SO4 ]Vlg3 
. SO4 Ka 

. SO4KII 


Bibasylous salts 


m TRIBASIC phosphates}. 

•> 

Hydnc phosphate . . PO4 H3 

Subphosphatc of soda PO4 ^*^3 

Phospjiatc ot soda PO4 Nag II 

Biphosphate of soda PO4 Na H, 


Tr]ba.sylou8 salts. 
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The preceding groups arc symbohzed without any division of tlio 
equivalents used, but M Gerhardt departs from tins practice, wlieii 
necessary, in the uniUAtj system ot notation winch he recom- 
mends — ^ 

Anil} droiis alum . SO^ (K, Alj) 

Pyiopho‘'plia 1 o of soda * PO, (T'fn,) 

Siil)X)ho‘'pliiitc of soda + lIO PO„ (Nag IT) 

2 

Alllioiigli a r.ilional foiinula, stiietly speahing, exjnesses no iiiou 
Ilian a dcioiiijiosilion, — and the ration.il toimulu) of a coinpouiul 
inav truly, thcicfoie, be as nuinorous as llie modes ol ilecoinpositidii 
ol iiliuli it IS siisreplilile, — slill much nould nndoubltdly be losi liy 
abaiidoimig such foiinul.e tor foimuhc which aie entni'ly cinxiiiicsil, 
uril(''S, indeed, it is found that the niiifoim practice ot e\.hibilqjg the 
leading constituent, in the xnopoition of a single eqmv.dciit, should 
bring fogetlicr dilleieiit bodies undei* common foiinulm, whicli aie 
types of useful classiticatioii, as Gtibaidl mamtnms 

iSV/Zs rt/" Ammomu — Amiiioiiia is a gaseous compound of oiu 
cr[iii\akiit of mtiogen and three of h}diogen, oPnlneh the solution 
111 \iater is caustic and alkaline, and uhich iieiitiali/es .icids xicrfecll}, 
as potash and soda do Jhit all its owgeu-arid salts contain, besidis 
aminoma, an equivalent of iiatci which is essential to them, and 
insepaiatile mthout the desliuclion of tlie salt, and with tins 
additioiiid constituent they arc isoihoixdious with the b.dts ot pola'-li 
Il}dio-cliloric acid ,iIso unites with aminonia witliont losing its 
ludiogcn, and tlic compound oi h}diocliloratc of ammonia, whuh is 
fsoiuoixilious witli the cliloiidc ot potassium, contains, therefore, an 
equivalent of h}(hogcii, besides chlonne and aminonifi On the now 
gc'iK rally leceiv ( d theory oi these salts, the ainmoma with this h} di ogi n, 
ot 1 hat of the water in the o\ygen-acul salts, constitutes a hjpollu- 
tical hasjl,«m/Hrt;»M{{i (Nn4), to winch allusion has iduvidy been made 
as bung isoinorjihous with jiotassium This view of the constitution 
of the salts of aiTimoiiia will be made obvious by a few c\jpuplcs — 

■ 

ON Tilt AMMONIUM TIO OUT 

IlvdroililvliitL of amiiioiiu, IIN,, HCl Chloride of luninomuTn, NII^, t'l 
Siilphile of aiumon*n, MI,, HO, SO, • Sulplmte of osideof aimnomum, Nil* O, SO i 
Niliatr of uiiiiuoma, NIT* HO, NO 5 * Nitrate of oxide of aiiimomuiu, Nil* O, ^0 , 

The application of tins theory to the compounds of anijnoiiia with 
h} drosulidiunc acid and sulphur is pailicularly fehcitous 
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compounds may be tlins rcprescntcdj and placed m comparison wd li 
their potassium analogues, being equivalent to K — 


Sulphide of ammomuin ^ S KS 

Sulphide of iuiiinonium aiu', hy- 
drogen (biliydiosulphatc of 

ammonia) ' NII^ S, US KS, US 

Tritosulpludc of ammonmm . NU^ S, KS, 

rciilasulphidc of ammuniuiii NII^ S^ KS- 


Amraonmm is suppo•^cd to present itsell m a tangible form, and in 
pohscssion of metallic cliaiactcrs, m the foimation of nlhit is r.illed 
ii\(' (nm/ioftififft/ tniKfliyani When mepciiry alloved niih one jiei 
lent of sodniin is pourid into a s.itnrattd fold solution of sal ainino- 
niac (chloride of annnoimim), itiimhrgoes a ]nodigu)ns increase 
ol bidk, e\]ianding soinelimc's from one \olnme to tno hniulied 
vohinies, without becoming m the hsist dcgiec vcsiciilai, and ar(|iiu- 
ing a liiihiacjons cons«is(ciic'c, while its inctallic lustic is not im- 
paiied A small addition is at the same lime made to its weight, 
estimated at fiom 1 jiart in 2(100 to 1 m 10,000, which ccitauily 
(oiihisl-. ol aminoina and hydiogen in the piopoitioiis of ammomnin 
'I'he sodium, it is supposed, fonibmc's with the clilonne of chloiide 
ol ninmoiuum, and the hb( 1 . lied ammomum with niercuiy, so that 
the metallic product is an amalgam of ammonium Tt speedily le- 
\olvcs itself again spoiitaiu'onsly into rumiiiig meieuiy, ammonia, 
and hjdiogcn, unless the temperature be i educed so f.ii as to liee/e 
it After all, however, neither ibolalion nor the inclallic eharactci is 
essential to ainmoniuin as an alkaline ladical, othei b.is\]s being now 
adiiiillcd, bucli as ( tli^l and ben/ojl, which have no claim to sucli 
eliaiaeteib 

Other classes ot ainmomacal s<dts may be foimed in whirli the 
fomtii ecjuivalcnt of h} diogen in ammoniuni ib rcpl.icetl by a iiict.d 
ot the magnefci.m famil>, — by copper in paiticiihir, which most 
resembles hydrogen Thus anhydrous chlondc ot copper abborhb a 
single equivalent of ammonia with gicat avidity and the evolution of 
* much heat, wduch cannot afterwards be sej^^aiatccl from it by the 
agency of heat The compound appears to be strictly analogous to 
chloride of ammomuru, but contains an equivalent of copper in the 
place of hydrogen Its formula ib l^IIg Cu, Cl, and it may be named 
the cldonde of ciqyt ammonmm Tins salt and many others jirc- 
hkewisc capable of combining with more ammonia, which is ret.iined 
less strongly, and has the relation of constitutional water to the bait 
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The constitutioH of these combinations will be more minutely con- 
sidered m other parts of the work. 

Amidogen and aniidei —The existence of another compound of 
nitrogen and hydrogen contaimng an equivalent less of hy- 

drogen than ammonia, is recogniscSl in an important senes of saline 
compounds, although it has iiqt been isolated These conipouiuU 
are enllprt amidetj and hence the name amidogen applied to then 
radical. When potassium is heated in ainmoiiiacal gas, the incial is 
converted into a fusible green matter, iiliich is the amide of potassium, 
while an equivalent of hjdrogen is disengagc'tl Aimdogoii evists <ilso 
ill the white precipitate ot mercury formed on adding ammonia to 
corrosive sublimate, the product being a double clilondc and aiiiido 
of mercury (llg C1+ Ilg Nllj) 

Amides arc produced m an mterestmg way, by the abstraction 'ol 
the elements of naler from comiKiunds ol ammonia witli tixjgen 
acids. Thus, on dccoiuposiiig oxalate of ammonia by heat, the acid 
losing a proportion of oxygon, and the ammonia ajiroixirliOii ol 
hydrogen, au amide sublimes, winch consists of Js' llg + SCO AVlicn 
ammomacid gvus and anhydrous -iilplmnc acid vapour are mixed 
together, a saline substance is piodiiccd n Inch dissolves in iiater, 
but is not sulphate of ammonia, the solution alfordiug no indications 
of sulphuric aud It is believed to be a hydiated )>itlphamidv, or to 
be constituted thus, NII^, SOg-fllO, a compound whicli itwdl he 
observed contains neither ammonia nor snl[>hiLric acid Simd.ir 
products result from the action of 'ammonia on dry nvrbome ,kh 1 
and all tiic other anliydrous oxjgen salts Tlio difiercnce between 
those compounds and the true salts of ainuioma affords au argument 
lu favour of the ammonium theory of the latter 


ANTITHETIC OK POLAR FOKMUL,K 

Tormula: for compounds may be constructed to exhibit tlie 
attraction of the ultimate elements for each other without *iiivolving 
any contested theory of the constitution of compounds, and which 
indeed might supersede the consideration of such views, were it not 
that the nomcuc^turc, which it^would be .inconvenient to alter 
greatly, is founded upon the latter A certain amount of iiiforinatioii 
18 giv(n m the ordinary formulae by the arrangement of tluj symbols, 
the symbol of the basylous or positive constituent being pitted before 
the symbol of the halogenous or negative constituent, as lu HO for 
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water, SOj for sulpliunc acid. To carry out this principle farther, 
and make its application more perspicuous, I have suggested the 
writing of a formula in two lines, placing nl’t the negative constituents 
jn the upper, and the positive iil the lower line — 



0 


0 


0. 


N 

Potash 

— 

Water 


Snlj^nnc anil 


Ammonia 

— 


K 


11 


8 


H. 


N 


II 4 


0, 


0 , 0 

r.van«geii 

— - 

Olefinnt icas 


Carboiiir omiIc 


Tlyilrir oxalate 



Ca 






Ca 11 


From their construction these formnl.e arc named antithetic ^ the two 
orders nf constituents hcing pLieod opposite or against cncli other , 
or pohn ihwn evliibihng the opposite attractive forces of the elements 
JSeveral decompositions ahead} referred to, and others, may be made 
more intelligible by tLcir aid 

J)( t.ompu>tition nf animoniiK a! suits — Tn the ib'eomposition of 
osalate of arnmoiua and formation of oxamide, the change consists in 
the abstractiOL'of two e([uivalouts of water fiom the constituents of 
tlie salt the formula' being — • 

■ N () 0^ N (>2 

Oxalate of ammonia = oxamulc 

11^1102 II 2 II 2 C 2 

TIic interesting observation has lately been made by M Dumas, that 
bi distillation with anhydioiis phosphoiic acid, four ccpiivalents of 
water are separated fiom oxidah'of ammonia, and cyanogen formed 
ttiipposiug that the fomialion of oxamidc precedes this last decom- 
position, wc have — 

N Oa O2 N 

Oxiunide = — cyanogen 

HaOa 1/2 Ca 

It IS seen, that altliough we cannot say that w'ater exists either in 
oxalate of ammonia or in oxamidc, still lO is i.cgative and HI posi- 
tive in the lirst of these substances, and 20 negative willi 2H positive 
m the scdbnd the relation which these elements bear to each other 
‘ m water Tlic polar relation of these elements, therefore, does not 
require to be subverted, when they are led to unite and take the form 
of water, under the influence of tile attraction of phosplionc acid for 
that oxide It is manifestly a law o^ decomposition that thos^ de- 
compositiohs take place most readily which permit the elements to 
continue it! their original polar condition and position in theformulie, 
the explanation being, that such decompositions are promoted by the 
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peculiar attractious of the ultimate elements for each other as they 
exist m the ongiual compouml , oi the Lompouiid molecule is broken 
up 111 the direction in wluch it naturally divides 

The dpcomposition by phosphoiic acid of other salts of ammoriid 
containing acids i elated to the alcollbls, illiistiatcb tlie same const aiu y 
of polar relation in the clrments belbre and after the change Tims, 
foimiate of ammonia gives hydrocyanic acid by the abstraction ot 
four equivalents of water — 

N oiro^ mi 

Pollinate of aiiiinonia hj droeyanie ai ul 

lijl 0, 11^ c. 


Ileic the liydioui’ii of hjdiocyanic acid is icpu'sciited ns negative, 
and il can ceilainly be replaced by (hloiino, a negative element, .mil 
the c blonde ot cvaiiogen loiined — 

Nit Xf'l 

Hydrocyanic <icid Chloiule of cyanogen . 

^2 * ^'2 

With a iriel.ilhc oxide, however, hydiocyuiiie and gives a cyaiiidi, 
and then the hydrogen ajipears jiositivc' — 

, N N 

llvdrocyaiiK and Ovanide of silvi 1 

(yi ^ c^Ag 


Hut hydiocyaiiic acid is in the lowest degree hrbli in its powcis as 
fin and, or as cyanide of hydiogcn, and ils hydrogen appeals to he 
just on the limit hctwei'ii the basylous and halogtnous cliaractci and 
jio&ition 

Acetate of ainmonia distdhd with pliosphoiic acid also loses foiii 
ef(uiva]ent& ol watei, like all the ainmoniacal salts in cpicstion, and 
gives the cyanide of methyl — 


, N 00, 

Acetate of ammofua 

lljIT C, 


^ _ Hj IIN cyanide of 

h“ “ Ca C 7 


The rlilo] acetate of ammonia iii losing 4110 gives a li([Uid bodv^ 
ol the composition — 


Chloraccitilc of ammonia 


,N O O^Cl,. O4 

II, II c, hI 


CI2 CIN 

cT^r 


Ileic the single negative II of hydrocyanic acid 13 alsc^ uiidei the 
]»osili/e attraction of the Cj of the hydrocarbon, Cj H3, a cro'» 
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iitlmction, which forms a bond of umoiwbetwccn the h}droc3aiuc acid 
and hydrocarbon, find supports the cqmbbnum. 

Why t<i ammuma a hn\c * — Of ammorp and liydrochloiic and 
<lic antithetic formulae aic — ■' 

N " Cl 

— and — 

Ha ' H 


'J"li(T0 can be little doubt but tliat when those hodns arc uuiti'd, 
llic highly iicgtituc chlorine shaios, oi assumes cnliicly, the jiositne 
attiaetioii of Ihc thud c([imaUnt of hjdiogen in .iinnionia, uliich 
llieie IS icasoii to bfheicis less poMCiiiilly atliai ted or neidiali/ed 
hv llie ncgaliic nilrogcn than the olhei two cijiiualcnts ot h3diogLii 
thus oht.nn the following foimnU — 

A’ Cl 

llydiocliloiatc of ainmoma 

II2II2 

A^oiv the acd charactei of ji3dinchloiic and, whuh is neiiliali/ed 
111 the sail, depends upon the foiiiiei siil)sf,mfe bniig .1 eompouiul 
in whuh a powerful snlt-iadual, (hloiine, is iiniltd with a weak, 
basylj li3tliogen With .1 powciJul basyl, such as potassium, rhloiiiie 
gi\es a iioutial salt, the elilondo ot potassium But it is pioliahh' 
that tlic siibchloridc ot liydiogni, II2CI, if it (oiild ('\ist m ascpaiate 
state, would be <111 ecpially neutial salt, foi Indiogen belongs to the 
iinignesiaii class of elements, two atoms of wlucJi a])prar to be equi- 
lalent to one atom ot the potasisuiin class, or ll^Cl to be equivalent 
to KCl, and possibly it^onioiphous with it One atom ot niliogen 
there aie .ilso giounds toi behcviiig to be eqiinalcnt 111 coinposilioii 

to tw'o atoms of o\3gcu, 01 N = 20 Hence the compound ^ 


il 


las 


O, 


a character of saturation or polar peiitralization, liki — ? or two 

(‘ciuiVtJcmts of water Tii ammonia, therefore, the tliiicl b,isylous 
atom of hydiogen may well be considered as iiiisaturated, and to be 
what irnpoits a basylous or positive cbar.icter and activity to tlie com- 
pound III metallic oxides w’hich are bases, we have also the positive 
property of the metal imperfectly saturated by the wc'ak negative 
body oxygen, and the positive attraction therefore in cxcchs 

In the oxygeu acids, on the contiary, there is an excess of ncgativ e 
attraction 'fiom the prcdommance of the oxygen clement, and it is 
remarkabl? that in the more powerful acids, such as sulphunc, mtrie, 
and chloric, one equivalent of this oxygen is but feebly united, and 
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its negative attraction free t<>nct, like the pontive attraction of the 
third equivalent of hydrogen m ammonia Hence ammonia and 
anhydrous sulphunc acid^readily combine — 

N O O, N O O2 
Ha H ■ “ Ila 11 S 

from the action of the affinities exhibited m the last formula^ a 
stable equilibrium results , but it is not intended to express that 
amiclogeii, water, and sulphurous aeid, exist ready formed in the 
compound Indeed, in no case do the lormulre express actual lor- 
mation of subordinate compounds, or anything more than what ari‘ 
considered to be the predominating set of attractions among all tin* 
possible attractions which the elements have for each other, and ^nll 
of winch they continue to exert in some degree 

In sulphate of oxide of ammonium, the affinities of eqiiiribnum 
are tliosc of the elements of nimdogcii, suboxidc of hjdrogcii, and 
sulphunc acid — 

Conahtuenta of Snlpliatc of Ammonia Sulphate of Ammonia 

N O O, N*’ O O, 

l_ I ^ 4 ^ 

Ilg II S 11 , II, S 

In this and all the other oxygen-acid salts of ammonia, the higlil> 
alkaline oxide H^O appears, and constitutes the point of attachment 
for the acid Other sources of stability in the sulphate of ammoTiia 
are — first, the attraction of N for its third 'atom of h}drogen, winch 
IS never entirely rclmqmshed, although the latter is more under the 
influence of the 0 of the water , and, secondly, the attraction of the 
O3 of the sulphunc acid for the basylous IIj for these cross 
attractions prevent the division of the compound into subordinate 
compounds under the influence of the predominating affinities first 
enumerated. Tins s§lt may be taken as a fair example of the assumed 
mode of formation of compounds, in which the affimties of the 
elementary atoms only are operative, to the entire exclus»u of the 
affinities usually assigned to subordinate groups of elements acting • 
as compound radicals or quasi-elements. 

Why aif arsemc and j)hosph^ric acids inhauc'i — Phosphoric 
acid, Ppjj may be considered, from its properties and mode of foi- 
matidn, as phosphorous acid, PO3 + two equivalents of oxygen less 
strongly combined , and m the same way, arsenic acid, tA.s Og, as 
arsenious acid, As O3 + two equivalents of oxygen Now, when 
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united with a base, which we shall suppq^e amctalhc protoxide, EO, 
Ihcse two surplus equivalents of oxygen in the phosphoric acid, added 
to the single equivalent of oxjgcn m the base, conveit an cquiialent 
of the latter into an acid of the formula ItOj) Tw'o more cqui\dlei its 
of base are required— one to nci^rahze tlus RO^, and the other to 
neutralize the phosphorous acid, PO,, making three equivalents of 
base to every single equivalent of pliosphonc acid The general 
formula for a so-called tnbasie phospliatc is, therefore — 


Phosplnitc 


O O3 0 0, 

R E ^ R P 


and resembles a double sulphate, RO, SO3 + RO, SOj 


Tnbasie subphosphale of lime (3Ca O, PO 5 ) 


O O, O O, 
Ca C’a Ca I* 


Phosphonc acid apjicars fartlici to have the power, when heated 
strongly, of assuming the two e(|ni\alonts of o\\geii refeired to into 
a more intimate state of combination, jiossibly witli the loss of a 
portion of combined heat, and gives the class of monobasic meta- 
pbosphatos The general formula of a metaphosphate is — 


Mehiphos])hatc 


O O5 
R P 


A pyrophosphate, or so-called bibasic phosphate, is, on this view, 
a compound of a common phosphate and metaphosphate — 


Pyropliosphatc 


O O, O O3 

R R R P 


O Os 
R P 


Hence the equivalent of a pyrophosphate contains four equivalents of 
base and two of ])hosphouc acid — the reason why so many double 
p>TophDsphates appear to exist 

Phosphonc acid is thus suppo'-ed to resemble those conjugate 
orgainc acids which coinhiric with two equiv.dents ol base, because 
tliey posse'"* the elements ot Iw^o diJleicnt arids 


ATOMIC VOLUME OP SOLID BODIES 

) 

Smcc tlip existence of srniple relations between the combniing 
volumes of gaseous bodies was ascertained by Gay-Lussac, various 

p 
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attempts have been made to establish similar relations between llu' 
measuTOSj as well as the weights, in which boches, in the liquid and 
sohd form, enter into combination. If the atoms of all clemeiiK 
had, m the sohd form, fJic same bulk, their specific gravities would 
be regulated by their atomic wcigWs, and be in the same proportion 
It was early observed by M l)umas, that a closi' apjiroxiraation to 
tins simple latio holds aiinong the spi'cific gravities of a considercthle 
uimibcr of isomorphons bodies , but it is by no means general Tlie 
sub)cct has received its fullest investigation fiom Prolessor SchriH’di i 
of Maiiiihcnn,* lIi Ileiinann Koppf of Giisscn, and Messr*^ Pl.ij fan 
and Joule J Much information has been collected, and many cuiioiis 
relations in the specific gravities of particular bodies ponded out , 
but the general deductions diawii can, in gcneial, claim only a u’lt.un 
degree of probability Much of the uncertainty anses from .the 
spcci/lc gravity of a body in the solid form being often varuiblc be- 
tween r.iUicr wide limits Thus jilatinum, in a pulverulent stale, 
reduced from its oxide and from the double chloudc of phiiiiinm aiul 
ammonium respectively, is found to have the sjiocilic gravity 17 7 lit! 
in the first case, <ind 21 200 in the second, (]'J lyfui <nid Jouli') , 
and the ctfcct of compression upon the mallcahlc? metals is gnierallv 
very sensible As tlic rate of dilatation of dill’erent solids and liquids 
by heat is very dissimiLir, it is obvious their iclations m density may 
also be disturbed oi disguised by teinpeiuture 

At present, 1 shall coidine mjselt to a summary of the results of 
M Kopp on this subject, wlneli jftrtake least of a siicciilatnc ilia- 
racter. The atomic lolumc, which 1 slibstitiitc for the ipcn/n 
i o/iimc of Di Kojip, 111 the follow mg bihles, is I he volume or measiiic 
*ol an eciuivalcnt or atomic jirojioilum ol the dillerent subslaiicis 
enuirieiatcd The i al< ulatcil dcm^itij is obtained by dividing the 
alornie weight by tins volume Thus an e(iuivalenL of incrcuiy, 1 'itiii 
parts by wciglit, has (he volume 93 assigned to it. Now 12(h5, 
divided by 93, gives 13 G as the “calculated” specific grant v, 
which coincides witfl the specific gravity ol uieicury actually obsiuetl 


* Die Molcculorvoluiuc dcr chuuisdiui Vcrlimiluiigctt im fLstLii und QiisBigcn Ziistni^l* 
^^llnIlllCltn, 1813 

t Uemerkuageu /uv Volnnilhconc, BraunschBcig, 1844 , /Vun.ilcs do Chmiio tt dr 
Plivsiqiic, 2c Str *1’ Ixw and 3c Sli '1^ iv p 4G2 
t ^cinoira of the Chemical Society of Ixmdon, vol u p 401 , vol in pp 57 Jiad I •lit 
Also, a paper on the Consliliitioii of Aqueous Solutions of Acids and AAdits, V 
J J GriOm, ibid p 115 ^ 
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by Kupfl’cr and others Tlic atomic volume for oxyj'eii will afler- 
wards appear to be IG, or a multiple of that number^ and the 
modulus of tlie scale. 

) 

Tab1,e 1 

Atomic Volume and Spctijit Gtaiity oj Elements 


Subi<tniiccs 

3 tc 

o 3 

Primitive 

Atomic 

Volume 

4 fS 

7 ^ 

O O) 

Obscrvul .SpctifiL Giavit} 

\iitiniony 

till 

800 

120 

6 72 

6 70 Karstcu 6 C llrcilb.ui]il , 6 Hi Mus 
thcnluoctk 

\L:iCI1IC. 

Ab 

170 

80 

5 87 

570 , 5 ')C Guiboiiil , i 62 KdisUii, 5 67 
Ikinpith 

Di'iIuiiIIl 

Jh 

Id 10 

ir. 

') Si 

OKBTliemid, 281 ll(r.ip.ith, 0 65 Kdri,liii 

Bkiiiiiiic 

Jii 

IS'). 1()0 

1 06 

2 09I,olwik 2 07 U.nlHd 

( '.iilimii 11 

('d 

f 

607 

81 

R60 

8 66 Ikr.ipith, 8 63 Kar&tcii, Kopp, 8 CO 
8tiomr\ir 

( him 1110 

Cl 

221 

100 

1 IS 

1011' ind IV 

Cliionimm 

Cl 

lid 

60 

5 lO; 5^0’lllom^oll 

Cob ill 

Co 

Ifi') 

1 1 

8 101 8 10 lliuiiiui, 8 il llti/ , S 71 l.iiniiidiiis 

( 1 

Cu 

I'TTi 

11 

0 00 

8 06 llti/tlm., , 0 00 Aliw litub , 8 72 k.ii 
situ 

f'l inoj'di 

Cy 

lOi 

100 

1 01 

Vliuiil 0 0 1 iiuJ 

Ciolil 

\u 

12-tl 

Oi 

ro 1 

10 26 II 11 S ..011 

li idiinn 

ll 

lill 

i7 

21 0 

10 5 Moll-., ‘21 i lluitbaiipt 

Iodine 

r 

7S'J 

100 

1 91 

1 05 (i.n liiiss.ic 

lion 

It 

130 

11 

7 70 

7 6, 7 8 lliolm^ , 7 70 k 11 '•(cn 

Lead 

i’b 

1201 

111 

ll 15 

dJ kiiplltr, 11 10 kilibtiil, 11 35 Till 1 
pilli 

inniursi 

'Sill 

JKi 

4V 

7 86 

S 03 lln hmniiii , SOI lohii 

Muring 

iin 

1266 

01 

13 6 

llCkiipIlii, kuisli II, (' i\ illo 

M uL> Ixfcniini 

Mo 

i')‘) 

60 

8 68 

8 82, 8 (i4 Hiu ]u)\/ 

NiiUl 

Ni 

.170 

41 

8 41 

8 40'ri)iiili .8 IS 'liipjiiili , 8 GO iliiiiMK 1 

A ilivi . 10 5 ('1 'Fill mud 

O'.niiuiii 

O', 

12 tl 

57 

21 8 

I’alliuliiim 

Fd 

660 

.57 

117 

11 3 , 12 1 Ltmiy 

I’liosphnrua 

F 

I'JO 

111 

177 

1 77 III i/iliiw 

Ilium 

Ft 

1211 

57 

216 

21 0 ll<)id,i, 21 5 llii/iliii4, 2 3 5 (•') Cloud 

I’olaissi 111 

K. 

t‘)0 

iSl 

0 81 

0 fiG 0 T usvip, Then ml , 0 87 Seiiiciitini 

nil odium 

II 

(>5i 

5? 

11 4 

110 Wulli'.luii ,112 1 loud 

1 dO, 4 32 llcirdi , lit lloull i\ 

Stlrmum 

Sc 

i')i 

Ill 

1 10 

Silver 

As 

ijid 

no 

104 

10 4 k.ubti n 

Sodium 

\ 1 

201 

202 

0 00 

0 07 Clnj-l.iibsac and TIiLiinid 

Siilpluii • 

Tm 

S 

201 

101 

1 90 

1 09, 2 05 k uilcii , 1 90 Iliiilliaiipl 

.St 

71.i 

101 

7 28 

7 28 lludpalli, 7 20 kiipllLr, k.irntLii 

I'.Kamiim 

'I' 

301 

57 

5 'Id 

5 3 MulUibtoii "> 28 Kciibti ii 

17 2 AII.III ,ind ti1,(n, 17 t lliitliok ' 

Tiin£;slcii 

tv 

llSi 

60 

17 1 

Zinc 

/ll 

lU.l 

5S 

_ 

0 05 

G 9^ Knrstcii, 6’8G, 7^1 Ituzchus 

% 

1 _ 


It will by ob&eived (Jial ccitiim aiiaJoffoub sub^biiiccs ijosjsc&s ihc 
tiEimc atomic volume — bioruinc, oldoriiie, tyarioycii, and lodmc , 



212 


ATOMIC VOLUME OF SOf.lD BODIES 


chromium, molybdenum, and tungsten , cobalt, copjicr, iron, man- 
ganese, and mokel , indium, osmium, palladium, platinum, aiul 
rhodium 

There aio also analogous subsLinces of which the atomic voluiiu> 
of one IS double that of tlie other/ The volume of an equivalent of 
silver 19 double tliat of gold, ^and the volume of potassium double 
that of sodium 

AVlicn a substance ciiteis into oombiuatK^i, it either occupies its 
own volume, oi asMiiiK's a new volnirn*, which last may remaiti roii- 
stant through a rhiss ot eoinponnds Hence I he volumes m I lie 
pieeediug table aie disciibed as the pnmilive atomic volumes The 
metals ciiumciatcd jiossoss tlic following atomie volumes iii then 
salts — 

Atoiine Volume in Silt* 

« 


Ammonium 

. 218 

llaruira 

113 

C.ilciuin 

• 60 

TSIagiusium 

dO 

Potassium . 

2J4 

Sodium 

. 130 

Stiontium , 

108 


The other metals aic supjioseil to retain their primitive volumes in 
eombinatioii 

Tn expl.iiinng the atomic volume of rarhonales, it is supposed by 
iDr Kopp that the salt-radical CO, eiiteis into its combinahons willi 
the atomic volume 151 

In the nitrates, the salt-radical NOg is supposed to have the atomic 
volume 358 

In one class of jnlphatcs, SO^ is supposed to have the atoniie 
volume 236, m another, the atomic volume ISO. 

lu the chromates, the atomic volume of CrO^ is 228 ; jind, iii the 
tungstates, that of "VVO* is 214 

The atomic volume of chlonnc is 190 in one class of chlonde*’, 
arid 245 m another 

On combining the atomic volumes of the metals coiitaiiiod in the 
salts \uth these suppositions foi tlieir salt-radicals, the atomic volume 
of tlie compound is obtained, and the following calculated specific 
gmvilies — 
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Table II. 

Atomic Volume and Spectjic Giacity oj Salts 

) 

CAKBONATLb 


Funiii J 1 

* 


C ikul itcJ 
AIohik Volume 


Observed 
SpcLiliL Gfiivity 


riiiliriium 

Iron 


M inijiiu sc 

iSilvu 

'Ami 

Li irylii* 


1071 f’d + CO. 


8 i + r>i = 


Til Fc+COo 111+151 = 


212 4 03 
l‘J5 3 07 


M.igntsw 


Fcitisli 
Soda 
Stronli i 

Duliiiiiiti 

Mesihiie 


1670 rij + CO, 111 + I'll =205 I 0,10 

722 Mii+CO, 11 + 151 = 105 I 370 
1728 A^' + (Oj 130 + 151 = 281 I 0 15 
77‘J Zii + COj 58+ 151 =20i) j 3 71 

1211 lla+rOj 111 + 131=201 4 10 


012 Ca + C'O, 00 + 151 = 211 ' 3 00 


5 .U Mg + CO, 40+131 = 101 2 80 


8 (i(j K + ((>, 

(.(i7 Nv + (0, 

021 8 i +(’(), 


211 + 151 
110+151 
10S+ 151 
MI+ I'lll 
' 111 ! +151 j 
10+151 \ 
[lt+ 151] 


= 1S5 2 25 

= 2S1 2 !7 

= 250 J 5(1 


4 121Iernpnth, 1 lOk 
i S 1 Mohs , d 87 
^Naumaiin 

0 4.3 kai4rn, 0 47 
Hu illiaii|i( 

1 55, 1 50 Mobs 
f> 08 kiisti n 

lit iMolis , 4 Ij 4 5 
N.uiiniuiii 

1 10 \arsUn , 4 21 
Hu ithnnpi , 4 30 
M ulis 

"Arragomto 3 00 
Hicillniipt, 2 03 
Mohs 

' (Mt sp,\r 2 70 
K.vrsliii. 2 72 Hlu 
dull 

2 SI Hi nth mill , 
.100, .1 11 Mobs, 

2 SS, 2 07 N mm 
2 20 k.irsUii 

2 17 K 11 stoii 
A 00 Mohs, .102 k 


= 102 2 00 2 88 Mohs 


= 380 3 21 3 35 Mobs 


MTR \TJ',.S 


NiritAii s 

Moinii 

5\ Light 

Foi muh 

t' ilciihlcd 
Aluiiuc VohimL 

( all 11 - 
l.di ’ 
Sp Gr 

Lead ‘ 

2071 

l*b + NO„ 

111+ 358 = 472 

4 10 

Kilvcr 

2129 

Ag+M), 

1 10 + 358=188 

1 10 

Aimnonia 

1001 

Aiii+ M)u 

218+ 358 = 57() 

1 74 

Il.ti\ta 

1831 

Ha+ \0„ 

1H+ 158 = 501 

3 20 

Fotiish 

12()7 

K + NO„ 

2U 158 = 502 

2 ] 1 

Sod.i 

1008 

Na+ ItUa 

130 + „58= 188 

2 10 

.Strontia 

1324 

tir+Mln 

108 + 358=400 

2 34 


|Obson cd SpccifiL Gravity 


t '10 K.iistui , 'I 77 Rreit 
haiipl , 4 34 Kopp 
4 iO Karsteu 

1 74 Kopp 

3 10 kusteii 

2 10 Kaist , 2 00 Kopp 
2 10 Maw , 2 20 Kopp 

2 20 K.irslcii 
2 80 karsteu 





2 U 


ATOMIC VOLUMP OP SOLID SODIKS 


SrLPII VTLS MUST CLASS 


SUI PIIAThS 

Atnniit 

eight 

! 

1 Fuijjiiuln 

f'nln lilted 
Atomic Volume 

CjIcu- 

InUd 

SpGr 

ObhCi \ 0(1 
Specific Cravitj 

CopjM r 

0')7 

rii+ SO^ 

/ 

44 + 2)8-280 

3 56 

3 53 Knrslcn 

Silvi r 


A(;+ 

.U0+2)tj = .)00 

5 34 

5 34 kjistcLi 

Ziiir 

loot. 

/ii+ SO^ 

5S + i)C = 2‘J4 

3 i2 

) 40 Karsteii 

' Liinc 

857 

Ca+ SO^ 

C0 + 2.)G = 2'Jb 

2U0 

2 'JO N iimiiinii, 2 03 
kiirsteti 

M.igiicsia 

750 

AIg+ SO^ 

404 230=278 

2 75 

2 01 karst Ln 

SuiIa 

802 

Ni+ SO^ 

1)0 + 236 = 300 

i 

2 44 

2 40 Mohs , 2 03 k 


SI fil’IIATES srcoisn class 


SUJ 1 UAH'S 

1 \toiiii( 
Mdght 

Poiiiinl.i 

1 


ffl 

Oliscn ed * 
Spoillu Gijvity 

• 

1/ ul 

ISO 5 

I’h + S(>^ 

11I.+ 180 = 300 

0 )3 

; 0 )0^Mobs,0 ] 7 lv>ust 

l)ii>li 

145S 

Ili+SO, 

H{+ 1S0= )20 

4 13 

W >jM(>Iis, 4 20 k list 

Pot isli 

1(101 

k + M), 

2J4t 180=120 

2 00 

2 02k list 2 0t>Kiip|) 

SUoiilia 

Ills 

Sr+ SO^ 

108+ lt>C = 2U4. 

i 

3*J0 

s_ 

i) 0 ) llrutihiiipl , .1 50 
k.irsli 11 


CltROMVTES AM) Ti;XG&Ti.TLb 


ClllIOMAILS 

Hid 

Tl iS< SIAII S 

Motnu ' 
|\V(ight ' 

PlllllUlld 

rakiililid 1 
Atomic \ iiliiinc 

1 

(’aliu 
lat.d 
8p (il 

Olisirviil 
Spceilie Grasil} 

[.cad 

1 1 
' 2010 ' 

ri, + ('!(), 

I 

j 114) 228 -JU 

! 5 98 

5 05 1)rLithaii]il , ti 00 


1 1 



1 

Mohs 

PolAsll 

1241 

kS CiO, i 

' 231 1- 228=102 

! 2 (lO 

2 tilkaisl ,2 70ki)]i]i 

l(( III 

2S77 ' 

l>l) + A\0^ ' 

111) 2tl=J5b 

8 01 

S () fiMH 1 , s 1 laClMlh 

Lime 

, 18 JO 

1 

(a+MO, 1 

1 

GOH 214 = J04 

1 0 03 

0 0 4 k.irs , 0 0 J AI L i-"" 


CllLOUIDJiS riiiiT ciASS 


CllLUIllDPS 

Aiumu 

AVeiglil 

■ 

Caleulatcd 
Atomic Voliuiic 

Call Il- 
ia! ed 
8p Gr 

Observed 

Spc(i% Gravity 

Lead 

1730 

Vii+ Cl 

• 

1111-190 = 310 

5 00 

5 68, 5 SO kaisli a , 
5 21, 5 34 Alomo 

8ilv er 

170 1 

• 

Ag 4 Cl 

1JH+ 190 = 326 

•5 50 

5 50, 5 57 Aars , 5 55 
IJoul , 5 13 llcrip 

ban urn 

1299 

ba + Cl 

11J+ 106 = 339 

3 S3 

3 80 Honl , 3 70 k us 

Sodikiii 

7JJ 

N d + d 

1J0+ 196 = 320 

2 25 

2 2flMoKB,2 15 kopp, 

2 08 Aarstcu 1 

k 1 




















ATOMIC VOTAIME Ol- SOLID BODIES 


215 


CHLORIDES SFCOND class 


ClILOIllULS 

AloriiiL 

Weiglit 

formula 

Cal(.ulalccl 
Atomic Volume, 

1 

1 


Coi)[)or 

1234 

2Gii+ Cl 

8^ 245=133 

3 70 

3 G8 Karsten 

f 


llg+ Cl 

93+ ?»4j = 338 

5 05 

5 1 IGiml , 5 1311uul , 






6 40 K<u>Ilu 

Mucury ■< 

2974 

21Ig+ Cl 

18G+ 215=431 

GOO 

6 09 Kdrst , 0 71110- 

c 





i.-vpalli, 714 Hoiil 

Aiiiniuuium 

GG<J 

Am+ Cl 

218+ 2I5 = 1C3 

1 11 

145 Watson , 1 50 






Jvo|)|) , 1 3 1 M olis 

CalLiiiin 

G'JS 

Ca+ Cl 

C0+ 243 = 303 

2 29 

2 2l,2 2711oul , 192 






K.iisicii 

rct.'ussimn 

932 

U+ Cl 

214+ 215 = 1.79 

1 94 

1 94 Kiip|i, 1 92K.ust 

Slioiiliinn 

ysy 

Sii < Cl 

10S+ 213=3)1 

2 SO 

2 SO Kaisteii 


Iti CKjilaimiig tlic specific gravity of ovidcs, it is necessary to make 
ilim* sussnmptions tor the siiecilic volume ot ox>gen lu tlio first 
>>111311 cl.iss oi tli(‘ ov^ijcii Is contamwlMitli llio .itoiiuc volume 

10, 111 tile hceond and largo class, wiUi the atomic volume 32, and, 
m the tJnid < Uss, with tlie atomic volume 0 !> The metals aie sup- 
posed to retain their piimitivc atomic voliuiies. 


Table III 

Aluunt Vulumc ami Sfita i/to Ci/auf// of O ink's 
FIRST CLVSS 


Omdis 

Vtomu 
W< ight 

1 uiiniil i 

Ciluil lied 
AOmiK, Voltimi 

|Cil( II- 

1 lalid 
Sji f!i 

|01)>i,i \ 1 il Spi dill Ri ii ily 

VlltloiOllV 

1000 

Mh 20 

120+ J3-151 

0 51 

0 5 lllnul] 1) , (» 70 Iv.Lrsl ' 

( liroimiiiii 

1001 

2Ci + 50 

1 IS + 48 --ISO 

5 3') 

5 21 5\„lilir 

Till 

935 

hii+ 20 

101 + 32-1 13 

7 03. 

0 90 iM(ili>, 0 90l5(iulLi}, 






G G1 III i.ipitli 
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vSEOOND Cl, ASS 


Oxides 

AtllTUK 

Weight 

Tonnida 

\ 

C ilcidatrd 
Atoinii A'oliuue 

9 

Observed Specific Gravity 

Atilimuny 

1913 

2Sb + 30 

210 4^36-3 36 

S 09 

5 7811oullay, 5 57 Mobs. 

iiismulh 

29G0 

21ii+30 

270 + 96=3*6 

8 09 

8 17 Karst ,8 21 Herap , 






8 45 l<o\er and Bum. 

Cailnunm 

797 

CJ + O 

81+12-113 

7 05 

6 95 Karstcu 

Cobalt 

1038 

2Co + 30 

88 + 90 = 181 

5 (14 

5 (U) lluullny,5 321iGm]) 

ro2)pi-r 


496 

Cu+0 

41 + •12= 76 

6 >3 

(, 13 Karst , C 13 Kuid , 






0 40 Ucrapalb 

Iron 

978 

2Fc + 30 

SS + ')C = lSt 

5 31 

5 23Uoidlay, 5 23 Mohs. 


f 

1394 

rb+o 

111+ 12=110 

9 3> 

9 SOllouUay.O 28Ilerap 







9 21 Karsten 

Lrad 


1191 

I'll + 20 

114 1-61=178 

8 40 

SOOlTcrnp , 8 92 Karst 



2889 

21>b + 30 

228 + 96 = 321 

8 91 

8 91MusLhi.iibToik,8 60 







Karst , 9 20 Uoulhiy 

4 73 llirapslh , 

jMaiiganc^e 

446 

Mii + O 

41 + 32= 76 

5 87 

Mercury 

1360 

Ug + O 

93 + 33 = 125 

10 9 

11 Olloullpv, 11 llltia 






l>alh, 11 2 Korsttn 

Moljlxlcuum 

Tin 


799 

Mn + 20 

60 + 01 = 138 

6 01 

5 67 Undid/ 


8r> 

Sii + 0 

101 + 32 = 181 

6 28 

6 67 ITimpsth 

'Titamum 

301 

Ti+20 

57 + 01 = 121 

416 

4 ISKlaproth, 4‘20,1 2 > 
HB-ilhaiipt 

Zme 

501 

Zn+O 

58 +32= 90 

5 48 

5 48jMoh», 5 eoBoulliiy 






5 73 Karsten 

IlmcQite 

942 


'J.j] +96 = 197 

4 78 

1 73, 4 79 Brcithaiijit 
' 4 75, 4 78 KupOci 


TinilD CLASS 


OxiDLS 

Vtoinn 

Woiglil 

rmmula 

Cab uUO d 
Atoimi Volume 

Cdlm- 

latid 

b[iGr 

Observed Spcufic Gmvilv 

( 'ojjpr r 

■ 


2C,i lO 

88 + 61=^133 

5 37 

5 75 Karsten, Royer and 
Daiiias , 0 05 111 rapatli 

Mciciny 


21 Ig +() 

IHG+ 61 = 250 

10 05 

10 09 Htrap , 8 95 Karsl 

Molybdenum 

899 

Mo +30 

(>9 +192=261 

3 44 

3 46 Bergman, Thomson , 

3 49 Ber/dius 

Sdver 

1452 

Ag +0 

88+ 64 = 191 

7 48 

7 14 Ilerapath 7 25 Boul 
Ion , 8 26 Karsten 

Tungsten 

1483 

■W +30 

• 

09 +192=261 

5 68 

5 27 llerapatli , 6 12 Her 
/elms , 7 14 Karsten 


Dr Ko])|) hab endeavoured to determine the atomic volume of. 
tlic constiturnts of iiiauy other cl.ibses of compounds. The bpcoilic 
gravity ot tlic compoiiidh of bulp|jur and arsenic with the metals, of 
water with o\idcs and baits, of eldoime w itli the iioii-metallic clemcntb, 
arc c^cplained in a biiiidiir manner on a small number of suppositions 
He also shows with considerable success that m those i^morphous 
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substances, of which the crystal hue form is only similar, and not 
absolutely identical, as the carbonates (p 162), the observed dif- 
ference between the atomic volumes corresponds with the diU’erence 
between the crystalline forms The variation in the atomic volume 
IS thus manifested by a vanation ip the crystalline form. 


CHArTKll IV. 

CllMlIGAL AlllNllY 

m 

In th^ preceding section, compound bodies have heen viewed as 
aheady formed, and existing in a state of rest The arrangi'inent, 
weights, and otW properties of their atoms, have also been examined 
with the relations and classification of the compounds themselves 
liut chemistry is more than a descriptive science , for it embraces, in 
addition to views (If composition, the consideration of the action of 
bodies upon each other, which leads to the formation and destruction 
of compounds Certain bodies, when placed in contact, exluhit a 
pronciiess to combine with each other, or to mulcrgo decomposition, 
nhile others maybe mixed most intimately without change. The 
.ictual phenomena of combiiiatioti suggest the idea of peculiar attach- 
ments and aversions suhslstiiig between dilfercnt bodies, and it was 
in this figur<itivc sense that the teini aflinih/ was first applied by 
lloerlituve to a pioperty of matter A specific attraction between* 
dilleiiiit kinds of matter must be admitted <is the cause of combination, 
aud tins attraiiioii may he convementjy distinguished as chemical 
(tfin iy 

The particles of a body m the solid or li(|md state exhibit an 
attraction for each other, which is the force of coheunn, and even 
different Wnds of matter have often an attraction for each other, 
wluch IS probably of the same iiatuie, although distinguished as 
adhesion This force rctaiiis bodies in contact which are once 
placed in sufficient proximity to c^ch other It is exhibited in the 
adhesion of two smooth pieces of load pressed together, or peifwtly 
flat piecGs«of plate-glass, which sometimes cannot again be separated 
The actioDfof glue, wax, mortar, aud other cements, m attaching bodies 
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together, dependa entirely upon the siuuc force. In detaching glue 
from the surface of glass, tlic latter is sometimes injured, and portions 
of it are torn olf by the glue, the adhesive attraction of the two bodies 
being greater than tlic ctjhcsion of the glass The property of water 
to adhere to solid surfaces and wct^thein, its imbibition by a sponge, 
the ascent of lupiids in uarion tubes, .ind other phenomena of capiILiiy 
attraction, and the rapid didusion of a drop of oil over the surface ol 
water, arc illustrations of the same attraction between a lujuid and a 
sohd, and between different iKpnds But this kind of attraction is 
dificieiit 111 a chaiactcr wlncli is never absent in true chemical 
afhnity~i/ »o thuntff in the pmpeities of bodies It 

may bind different kinds of matter together, but it does not iJtci 
their nature 

The tendency of different g.iscs to diffuse through each other tijl a 
unifoiin nuxfiiic is formed, is anotlici property of mattcr,-^the effect 
of a force w'liolly mdependent of choimcal affinity It is eertmn that 
this pliysic.d property IS not lost in hquids, and tliat it contributes to 
that ccjudblc chlfusioii of a salt through a menstruuffi winch occuis 
spontaneously, and without agitation to promote it * 

f^oluUon — ^Tlic attiaclion between salt and wat^r, winch occasions 
the solution of the former, dilfeis in several circumstances from tlie 
allinity winch leads to tlie jiroducliou of definite chemical compounch 
In solution, combination takes place m mdchnite pioporiioiis, .i 
certain (piaiitity of common s.dt dissolving in, oi combining with any 
quantity of water however Luge, while a ceihun quantity of watci, 
such as 100 parts, can dissolve any cpianlity of that salt less than .‘17 
parts, the proportion whnh satuiati's if Water has a constanf 
Solvent powci foi cicry oilier soluble salt; but the maximum 
proportion of salt dissolved, or the satuialing rpiaiitity, has no ic- 
ktion to the atomic weight of the salt, and indeed vanes evcccdingly 
with the temperature of the solvent TJic limit to the solubility ol 
a salt seems to be immediately occ.isioncd by its cohesion. Watci, 
m jiroportiou as it lakes up =alt, has its pow'cr to disintegrate and 
dissolve more of the soluble body gradually diminished, ^ chssolvcs 
the last portions slowly and with difficulty, and at last, when satu-, 
latcd, IS incapable of overcoming the cohesion of more salt that may 
be added te it The Solubility m water of another body in the liquid 

• 

* Jciidiim, III Poggciidoifl’!. Amului, \i\iv G13 , oi Dove aud Moser’* llciicilonuin 

del rinsik, 1 OC, 1&37 



soLcnoy of 


219 


state IS not restrained tiy cohesion, and is in £f(ncr.il uulnnited 
Thus alcohol, and aKo sohihlc salts above the tcinjicratun* at wlncli 
they liquefy in tlicir water of ciystalh/ation, dissolve in walci in any 
proportion Generally hjieakiiig, also, thosip salts dissolve in lai 15(^1 
quantity winch arc most fusible, rjr of winch the cohesion is nio'-t 
easily overcome by heal, as tholi}dr.4cd salts , and tinioiu' aiihydions 
salts, the nitrates, cliloratos, chlondes, and loduh's, uhich aie all 
remarkable for tlicir fusibility In this siiecics of conihi nation, bodies 
are not matciuJly altered in piopcitics , iiuletd, arc little allccted cxceiit 
m their eolicsioii 

The union also between a bodv and its solvent dillers m a inarki'd 
manner from proper chemical combination 111 the lelalioii ot tlu’ Iioihes 
to each other winch exhibit it Jiodits inmhiiie clniniLally with so 
mimli the more force as then properties are more opposed, lint lluy 
dii>solt;e the more readily 111 each otlici, tlio incic snuihii lluii pio- 
pcrtics Thus, metals combine with non-metallir hudiis, aiuls willi 
alkalies ; but to dissolve a metal, another metal must be im d, such 
as mciciiry , oxidated bodies dissolve m oxidated solvents, as tlic’ 
salts and acids in wutci , while lupiids which contain nmc li livdioqen 
arc the, best solverila of lijdiogeiialed bod it > — an oil, toi nisi amt', of a 
fat or a resin, alcohol and etlier dissoKintjlhe essLiitial oils ami most 
oiyanic pniiciples, but few salts ol oxvgm .nidi 'L'lio foicc wlnth 
produces solution dillers, tlierefore, essenli.dly fioin chemicid alliiiily 
Ml being exerted between analogous particles, in jnelenmet to jiaiiitUs 
wliicli arc vciy unlike, and i(*5cml)les moie, in this u'sjiect, the 
alti action of cohesion 

A nioio accuiate iilca of tlie xai}iiig solubilit}' of a s.dt at dilleieiit 
temjiciaturcs may be convert d 1)3 a cuivc coiisfi ucted to lepieseiit it, 
than by any other nieaiis The pcrnciidicnlai Inns in tlu following 
diagram, indicate the degiccs of tcinpcratuie wliuh aie m.uked below 
tlienr, and the lioii/oiilal lints, quantities of salt dissolved by 100 
jiaits by weight of watei The pioportion of a\iy salt ilissolveil at a 
particular temperature may bo learned by carr3iTig the eye along the 
perpendicidar line expressing that Icnipei atiire, till it cuts the curve 
• o{ the salt, and then horizontally to the column ol parts dissolved * 


* All cxUnsivc and very rarefid sciiesorxxpu'imciil', on llic noliihility of sdlsiii w ilii 
ill dilfcrLiit IcmiicraUircs hasi beta iiiadt by^I Pofiguili, Aim dt ( liiin d iIl Plli^ 
dc &U T viy p 403, and tlu. of IJtr/tlius, Paiib, IfetO, p is • 
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SOLUBILITY or SAI<TS IN ONE HUNUBBT) PABTS OP XTATEll 



It Will be obscTvcd tlmt the perpendicular lines atjyancc by ‘9° the 
first being I32°j and the last 230°. Tbc solubility of nitrate of potash 
increases from 13 parts in 100 water at 32°, to 80 parts at 118°, or 
very r.ipidly nith the temperature Sulphate of loda is seen by the 
form of its curve to increase m solubility from 5 ptirts at 32° to 52 
parts at 92°, but then to diminish m solubility mth farther elevation 
of temper.iturc In this s,ilt, sulphate of magnesia and chloride of 
banuin, the solubility is expressed in parts of the anhydrous, and nut 
the hjdr.itcd salt The lines ol clilornle of barium and dilonde of 
polassium arc parallel, sheiMiig a mnarkable relation between the 
solubilities of these two Sedts, which dot's not appear in any othcis 
The line of chloride of sodium is observed to cut all the hues oi 
temperature at the same height, 100 parts ot water dissolving 37 
parts of that salt at all tempci.itiires 

Chemical afluiity acts only at insensible distances, and has no efltct 
in causing bodies Iti approiicli e.icb other which arc not in contact, 
dilTeiing in tins respect horn the attraction of gravitation, which acts 
at all distances, hoiievti gicat, although with a dimimstiing force 
ITcnre, the rlosesl a [iproMi nation of unlike particles is necessary .to» 
denlopc Iheii affinUies, and prodnoc combination Sulphur and 
coiiper 111 mass have no effect upsn each other, but if both be in a 
state of gicat division, and iiibhed togcllier in a mortar, a poueilid 
affinity is bioiiglit into play, the bodies themselves disappCiir, and 
sulphurct of cojipcr is jiroduced by their niiioii, with tllte evolution 
of much heat The iillinity of bodic's is, therefore, promoted by cvciv 
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tliiiig wKicli tends to their close approximation , in solids^ hy their 
jnilvcnzation and intermixture, this attraction residing ni the ultunatc 
particles of bodies , in gases, by their spontaneous diffusion tluough 
cacli other, which occasions a more comjilfjtc intermixture tliiin is 
attainable by mechanical means , and between liquids, or between a 
lif[uid and sohd, by the adhesive attrac^tion w Inch liquids possess, which 
must lead to perfect contact, and also by a disposition of liiiuid bodies 
to uitennix, of the same ]iliysioal character as gaseous diffusion 
Elevation of temperature has ccrtamly often a qiecilic action iii 
increasing the aifimty of two bodies, but it also often acts by pro- 
ducing a perfect contact between them, from tlic fusion or i .ipon/atioii 
of one or both bodies. Hence, no practice is more general to promote 
the combination of bodies than to lic.it them logetlier 

If the ailinity between two gases is suHieiciitly great to begin com- 
bmatiop, the process is never interrupted, but is continued Irom the 
ditfusion of the gases through each otlicr till eomplcte, or at least fill 
one of the gases is entirely eonsumed Tims, when hydroclilonc iicul 
and ammoniacal gases, in equal measures, aie introduced into a jar 
containing at the same time a large (piantity of air, the loimalioii of 
liydroclilorate of itmmoma proceeds, the gases iippe.anng to search 
out each other, till no portion of uncombincd gas remains The 
combination of two liquids, or of a lupnd and a solid, is also facilitated 
m the same manner by the mobility ol the fluid, and jirocecds witliout 
interruption, unless, perhaps, the product of the eombmation be solid, 
and by its formation interpose aif obstacle to the contact of the com- 
bining bodies 13ut the affinities ot two solids winch aic not volatile 
arc rarely developed at all, owing to the imjicilcetion of contact. 
Even the action of vciy pow'erful affinities bctwi’cn a solid and a* 
liquid or a gas, is often arrested in the outset from the physical 
condition of the former Thus the affinity between oxygen and lead 
13 certainly considerable, for the metal is rapidly converted into a 
white oxide when ground to powder and agitated inth whaler in its 
usual aerated condition , and m the state of extreme diiisioii in wliicli 
lead 18 obtained by c.ilciniug its tartrate in a glass tube, the metal is 
, a pyrophorus, and combines with oxygen when cold with so much 
avidity as to take fire and burn the moment it is exposed to the air 
Iron also, in the spongy and diiid^d state in which it is procured, by 
reducing the peroxide by moans of hydrogen gas at aTow red lical, 
absorbs oi^gcu with c(]ual avidity at the temperiiturc of the air,‘ and 
takes fire bums. But notwithstanding an affinity for oxygon of 
such intensity, these metals m mass oxidate very slowly in air, parti- 
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cularly Icad^ whicli js quickly tariiislicd imlccfl, but the thin coating 
of oxide formed docs not penetrate to a sensible depth in the course 
of several years. The suspension of the oxidation may be partly due 
to the comparatively smajl surface which a compact body exposes to 
air, and which becomes covered by ^ coat of oxide, and protected from 
farther change, but partly also to the effect of the conducting power 
of cl considerable mass of metal m preventing the elevation of tem- 
perature conscipient upon the oxidation of its surface Tor melals 
oxidate with increased facility at a high tiunpcraturc, such as the lead 
pyiophoTiis quickly attains Iroiii the oxidation of the great surfaci* 
wlneii it exposes, conipaicd with its weight The heat from tlu' 
o\id.ition of the supeificud particles of the compact metal, liowevei, 
IS not accumulated, but earned off and dissipated by the conducting 
power of the contiguous particles, so that elci .itioii of tcmperatur« is 
('ffcctiially repressed It thus ajipeais tliat the state of Aggrpgation 
of a solid may oppose an insnpciabh' bar to tlie action of a very 
powerful affiuity 

The alTimly of two bodies, one or both of which aic in the state of 
g.is, i*- often promoted in <ui extraoi diimry manner by the contact of 
cei I am solid bodies Thus, oxygen and hydrogen %.ises may be mixed 
and retained foi any k'liglh of lime in that state without exhibiting 
any airinily foi e.ieb oilier, aiid tin* gaseous mixture may, indeed, be 
healed in a glass \essel to any tcmpei.ituie short ot ledncss wiLlioul 
show iiig any disposition to ( ombiiie Hut if a clean plate of plaliiium 
be mtiodueed into tlie eold niixlmf, the gases in contact with the 
nielallie suif.ice iiistaidly unite and toim wain , otlici poilioiis ol 
tlie mixture come thni m contact with tbc platinum, and combine 
successively uiidei its iidlueuce, so that a l.irge cpiantity of the gaseous 
mixture may be qiiK kly' united The Iciiiper.dure of the jdatiiniiii 
also ruses, from the heat evolved by Hie eombiiiatioii occurring at its 
sinface, and the iiilluciice of the metal ineuasing with its tcmpciature, 
combination piocceds at an accelerated rate, till the platinum bpcomiiig 
red hot, m<iy f.uise the combination to extend to a distance fiom it, 
by kiiiiUiiig the gaseous mixtuic Fiatmimi acts in tins mamiei with 
greatest ciieigy when m a highly divided state, lus in tlio form ol, 
spunuy platinum, owing to the gicalcr sin lace exposed, aiul the 
ra])idity with which it is heated ^/riic metal itself contributes no 
element to tlie'watei formed, an<? is m no icspect altered It is an 
actlo^l of the metallic surface, wlinh must he perfectly cliuii, and is 
relcuded or altogtlhcr picveiited by the presence of oily nfipouis and 
many other combustible gases, wdncli soil the metallic surface 
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Mr. Faraday is disposed to refer llie action to an adlicsive attraction 
of the gases for the metah under the inllucncc of wlncJi they are 
condensed and their particles approximated within the sphere of their 
mutual attraction, so as to combine. This^ opinion is favoured by 
the circumstance that the property is not peculiar to platinum, but 
appears also in other metals, in charcoal, pounded glass, and all other 
solid bodies , although .dl of them, except the metah, act only when 
their temperature is above the boiling point of nuTcniy But, on 
the other h<uid, at low tcmpeiatiues, tlie propeity ajipuars to he con- 
fined to a few mct.ila only wlueh rtscinhle pLitiniiin in then clu mic.il 
characters , namely, in having little or no disposition to conihiiie nitli 
oxygen gas, and m not uiidcrgonig oxidation in the an 'I'lic action 
of platinum may, llicicfore, be connected with its chcmital projieitu"', 
although 111 a nay winch is (|iule uiikiionn to us The saiiu' mot.il 
dispose caibomc oxide gas to conibuic with o\ygeii, hut nuifh moie 
slowly than hydiogen , and it is iem,ukable that if the most nniiLile 
(piontity of earbome oxide be mixed with lijdiogcsi, llie oxubilioii ot 
the latter under the intluenec of the platnnnn is auestid, and not 
resumed till after the carhomc oxide has liccii slouly osidafi d and 
consumed, which tlius taki's the picccdcncc ol the hydiogm in com- 
bining with oxygen This cxtiaoidniaiy intis feiuinc of a iniiuile 
fpiantity of carbonic oxide gas, which cannot fioiu ds nature be 
supposed to sod tlic suifaeo ot the platiimiii like <i lupielialilo \apoui, 
seems to ponii to .i (licmical, piiliaps to an I'leilni.d explanation ol 
the artion of the platinum, latlun than to Ihi ailliesive alti.utioii ol 
the metal The oxidation of alcohol at the lcm[)ei.ituie of llie an, 
and also at a low led heat, is jironioled in the s.une inaniii i by cunt.u t, 
M itli platinmn 

Older (if af/iiiiti / — The affinity hifwi’i u bodies apjic'ais to he of 
diircrerit degrees of iiiteusily Lead, loi nistaiue, lias ceilaiiily a 
gieatei {dUnity than siUu lor oxygen, the oxide ol the lallii bung 
easily decomposed when luatcd to iidniss, wliiU tin oxuli of llie 
former may be exposed to tlu most intiiisi’ heat willumt losing a 
jiarticle of/HOxygen Ag.ini, it may he iiilciud lh.it pot.issium h.is a 
still greater affinity tor oxygen th.ui lead possesses, as we liiid the 
oxide of lead easily reduced to the metallic sl,ile when healed iii 
contact with charcoal, while potasli^is decomposed m the same' manin i 
with great difficulty Ikit the oidei oi affinity is often more slnkiiigly 
exhibited in the decomposition of a compound by anoLlici body 
Tims, sulphuretted hydiogen gas is dcfoiiiposcd by iodine, wliirli 
combines with the hydrogen, tornung hydiiodic acid, and hheiiitcs 
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BolpliilT. The afB.mty of iodine for hydrogen is, therefore, greater 
than that of sulphur for the same body But liydnodic acid is de- 
prived of its hydrogen by bromine, and liydrobromic acid is formed , 
and this last is decomposed m its turn by clilonnc, and hydrochloric 
acid produced It thus appears tliat tlie order of the affinity of the 
elements mentioned fo) hydiqt/en is, clilonne, bromine, iodine, 
sulphur The order of decomjiositions, in the prccipitcition of metals 
by each otlicr from their saline solutions, also indiratt*s tlie degree ot 
affinity. Thus, from the decomposition of the nitrate's of the following 
metals, the order of tlicir affinity fot tnfi ic avul and o ? iif/eii maj be 
inferred to be as follows — ziiie, lead, copper, ineicury, silver, zme 
throwing down lc.ul from tlie nitrate of Ic.id, and all the other metals 
which follow it , lead throwing down co^jper , cojipcr, mercury , and 
mercury, silver, while nitrate of zinc itsi'lf is not allectcd by*iuy 
other metal, and nitrate of silver is dccomposi'd by .ill ‘the metals 
enumerated. Bodies were* first thus arranged according to the degree 
of their affinity for a particular substance, inlcned from the older of 
their decompositions, bj Geoffroy and Bt'rgman, andlahles of affinity 
constructed, of w'hich the following is an ex.am])lc — 

•a 

Order of Affuiii/ of the Allaliet and Eaitka f» Sutpliiiric And 

Uar}ta 
Strontn 
Pol ish 
Soils 
Liiiic * 

Aininonia • 

M <igiii sia 

•Baryta is capable of taking sulphuiie acid fiom strontia, jiotash, and 
every otlicr base which follows it m the table,— the cxpciimeiit being 
made upon sulphates of these bases dissolved in water ; while sulphate 
of baryta is not decomposed by any other b.ise Lime scpaialts 
ammonia and magnesia trom sulphiiuc acid, hut has no effect upon 
ihc sulphates of soda, jiotash, stiontia, and baryta, and in the 
same manner any other base decomposes the sulphates ot- the bases 
below it 111 the column, huh luis no eflcct upon those above fi . 
Tables of this kind, when accurately constructed, may convey much 
valuable information of a proctieal^tnul, but it is never to be forgotten 
that they are strictly tables of the ordci of decomposition and of the 
comparative force or order of afriuity m one set of condiUoiis only 
This will appear by examining how far decomposition is ^lifected by 
accessory circumstances in a few cases 
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(Uiruwstntirffi which affect the ortlei of decompostlum. — Vola- 
tility 111 a body promotos ita separation fixim otliera winch are 
more fixed, and coiibequridly facibtates the decomposition of com 
jiouTid's into which llio volatile body enters Ilcnce, by the agency 
of heat, water is separated from hy drated salts , ammonia, from its 
combnititions with a fived acid, sn<jh as the phosjihoric , and a 
\ol.itile acid from many of its salts as sulphuric acid from the 
suljilmte of lion, carbonic aeid from the carbonate of lime, &c. 
Ammonia decomj^xiscs hydrochloiatc of inorjihia at ii low temiXTa- 
tnre, but, on tlic other hand, inoiqilnd decomposes the liydiochlorate 
of aininonui ,it the boiling point of water, and hbeiates ammonia, 
owing to the volatility of that body TIic fixed acids, such as the 
sdicic and phosphoric, disengage in the same wai at a Ingli teinpei.i- 
1 ure 4 ,hose acids mIiicIi are geneially reputed most jHiuetlid, and by 
iilneh sjicatfcs and phosphates arc docompot-ed with laedity at a low 
ieinjH'rature Many such cases might be adduced in which the 
order of*docomposition is icveiscd by a change of ti'inpoiaturi' The 
1 (licit ihty of one of its eonstitiionts must, therefore, be consnlcrid 
an element of mstabihty in a compound 

l)ccom]josition from nncciual volatility is, of ('out se, choc hetl liy 
pressure, and promoted by its removal mid by evciy thing wlndi 
favours tlie escape of vapour, such as the presenec of an atmospheie 
of a ditteicnt soxt into which the volatile cuiistitnent may (waporatc 
Cmbonatc of hmc is decomposed easily at a led heat, proiided a 
cnrK^iil of an or of steam is jiassiiig ovei it wliirh may eaiiy oil the 
carbonic lUiti gas, but the "decomposition ceases when the carbonate 
IS sill rounded Dy an atmosphere o I its owmgas, and the carbonate 
may even he hcited to fusion, in the lower jiart of a crucible, wntliout 
decomposition Heic the occurrence of deunuposilion dejicnds en- 
tiiely upon the existence of a foreign atmospheie into which carbonic 
.1C id can ditfuse, ^Nitrates of alumnih. mid peroxidi' of iron in solu- 
tion, are decomposed by the spontancoivS cvaiiorapoii ol their acid, 
(weii at the tcmpeiaturc of the air, and so .s an .nlkahno Incarhomite 
when, in solution, but not when dry A chang'* m the composition 
of the gaseous atmosphere iriay affect the older of decomposition, 
as m the following cases — 

Cj ^ 

When steam is jiasscd over iron, at a red heat, a portion of it 
is decomposed, oxide of iron being formed and hydiogen gas 
evolved ^rom tins experiment it might he inferred that the 
affinity of iroji for oxygen is greater than that of hydrogen Hut 
t-let a stream of hydrogen gas be conducted over oxide of iron at tlie 
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very same temperature, and water is formed, while the oxide of 
iron IS reduced to the metallic state Here the hydrogen ajipears 
to have the greater affinity for oxygen But the result is obviously 
connected nnth the r<jlative proportion between the hydrogen 
and steam which are at once m contact 1111111 the metal and its 
oxide at <i red heat When st^m is in excess, water is decomposed, 
but when hydrogen is m excess, oxide of iron is decomposed , 
and why^ because the excess of steam 111 the first case is an 
atmosphere into which hydrogen can ddfusc, and the disengage- 
ment of th.it g.is 1*5 tliercfore f.ivoured , but in the second case 
the atmosphere is princip.illy hydrogen, and represses the evolution 
of more liydrogen, hnt facilitates that of ste.im The affinity of 
iron and hydrogen for oxjgcn .it the tcmpcr.ituie of the experi- 
ment IS so neaily b<danccd, tlwt the one affinity prevails over»thc 
other, .iccording as there is a proper atmosphere 'into^ which 
the gaseous product of its action may diffuse This alFoids an 
intelligible inslauee of the influence of mass ^or cpiantity of 
matcnal, m jiromofing a chemical change, the steam or the 
hydrogen, as it jiiepoudei.ites, exerting ,i specific iiilluence, 111 
the cajiacity of ,i g.iseoiis atuiosphcic * 

The romarkabh' decomposition of alcohol by sulphnric acid, 
whieli alfoids ctlier, is anotlier sunilar ilhistnation of deiom- 
position depending upon volitdity, and aflcctcd by clianges m 
the nature of the atinos])here into wlucli evaporation takes place 
Alcohol or the hydrate of cfher if. added in a gradual manner to 
sulphuric acid somewhat diluted, and healed to 280 ° In these 
circumstances, tlic double suljihatc of ether .uul w.iter is formed , 
water, wluch was previously comhmed as a base to the acid, 
being displaced by cl her, and set free together with the w<ittT 
of the alcohol The first cfl’cct of the reaction, therefore, is the 
disengagnncnt of watery vapour, and the creation of an atmo- 
sphere of that suhil.incc which tends to check ils farther evolution 
But the existence of such on atmosphere offers a facility for the 
evaporation of ether, wluch accordingly escajies from oombiiiatiou 
with the acid and continues to be rejilaced by the water, llitf 
affinity of sulphiinc acid for w'atcr and for ether bemg nearly equal, 
till ether forms such a proportyin of the gaseous atmosplicrc as to 
check its own evolution, and to- favour the evolution of watery vapoui 
Then the sulpliate of ether comes m its turn to be .decomposed 
as before, and ether evolved Hence, both, ether and* water distil 
over in this process, the evolution of one of these bodies favouring 
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the separation and disengagement of the other. In this descnption, 
the evolution of water and ether are for the sake of perspicuity 
supposed to alternate, but it is evident that the result of such 
an action will be the simultaneous evolution of the two vapours 
in a certain constant relation to each other. * 

Influence of inholuhiUty — great proportion of chemical 
reactions which we ivitness are exhibited by bodies dissolved in 
water or some other menstruum, and are alTected to a great 
extent by the relations of themselves and their products to tlicir 
solvent Thus carbonate of potash dissolved in water is decom- 
posed by acetic acid, and carbomc acid evolved, the affinity of 
the acetic acid prevaihng over that of the carbomc acid for 
potash. But if a stream of carbonic acid gas be sent through 
acetjite of potash dissolved in alcohol, acetic acid is displaced, 
or the caibonic acid prevails, apparently from the insolubility 
of the carbonate of potash m alcohol. The msolubdity of a 
body appears to depend upon the cohesive attraction of its particles, 
and such decompositions may therefore be ascribed to the prevalence 
of that force. 

Formation of compounds ly sfth&iiiulion — It is remarkable 
that compounds are m general more easily formed by substitution, than 
by the direct union of their constituents , indeed, many compounds ran 
be formed only in that manner Carbomc acid is not absorbed by anhy- 
drous lime, but readily by the hydrate of lime, the water of winch is 
displaced m the formation of the, carbonate. In the same manner, 
ether, although a strong- base, does not combine directly with 
acids, but the salts of ether arc domed from its hjdrate or 
alcohol, by the substitution of an acid for the water of the 
alcohol. In all the cases, likewise, m which hydrogen is evolved 
dunng the solution of a metal m a hydrated acid, a simple sub- 
stitution of the metal for hydrogen occurs. 

Combmation takes place with the greatest facility of aU 
when douhle decompomtion can occur Thus ’ carbonate of lime 
IS instantly^ formed and precipitated, when carbonate of soda is 
added to nitrate of hme, mtrate of soda being formed at the same 
tunc and remaining m solution. ' 


Before Decomposition 


> 


After D^mposition 


Carbonate of soda 
Nitrate bf lime . 


Soda . . Nitrate of soda 

Carbonic acid^^^^ 

Nitric acid 

Lime . -^Carbonate of hme 
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Here a double substitution ocenrsj lime being siibstitiitcfl foi 
soda HI tile carbonate^ and soda for hme lu the iiitrati* Such 
reactions may tlicicforc be tiuly described as double substitu- 
tions as well as double dccoin|K)siiions They aie most com- 
monly obseivcd on miliiig two binary eompouiids or two salts 
Hut react ions of the same natj^i/fe may occur betwc'cn compounds 
of a Ingbor order, such as double salts, and new compounds be 
thus inodiired, winch cannot be formed by the direct union ol 
their constituents Tluis the two salts, sulphate of /niic and 
sul])hate of soda, when simply dissolved together, at the ordinal y 
Icinjieiaturc, alw'.ns fi>stalh/e apart, and do not combine But tlic 
doiibli sulphate ol /me and soda is formed on mixing stioiig solutions 
of sul])hatc of /ino and Insulphate ol soda, and separates by ( lystalli/a- 
lion, Ihc sulpbati of waiir with constitutional ivater (liy drated acij ot 
s]) gr 1 78) being jiroduei'd at the same time, and nmiaining lu 
sohiiioii The reaction wlnclr occurs may be Ihiis expressed 

Urfoir Dccomposilion Afltr DccoTj^poailion ' 

no, sn,+(ivfa(), soj] _ fno, SO3+IT0 

ZriO, SOj-t-(IIO) 5 (ZnO, SO^ + jVaO, so, 

« 

in which the constituents of both salts before decomposition 
inclosed in brackets, aic found to have exchanged jilaccs aftei 
decomposition, without any other change in the original salts * 
The double suljdiatc of lime and soda can be formed aitificially 
only 111 circuinslances wliicli arc sojuewliat similar It is piodueed 
on adding suljiliatc of soda to acclale'ot lime, the sulphate of 
lime, as it then piccipitatcs, caiiyuig down sulphate of soda in the 
•place of constitutional water (Liebig) 

Dillcrcnt hydrates of tlic same body, such as peroxide of tin, 
diftcr sensibly m properties, and allord dillerent compounds 
with acids, uni|uesliouably because these compounds arc formed 
by substitution ^Tlic constant tormation ol phosphates con- 
taining one, tw^o, or three atoms of base, on neutralising the cor- 
responding hydrates of phosplioiic acid with a fixed Jiase, like- 
wise illustrates in a striking manner the derivation of coinpouiuL,^ 
on this prmeifde Many insoluble substances, such as the earth 
sihca, possess a larger proportion of water, when newly prccijn- 
tated, than tliey retain afteryards, and m that high state of 
hydration they may exhibit affinities for certain boi^es which 

• Oil Water as a Constituent of Sulphates, Phil Mag 3d senes, vol vi p 417 
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do not appctir m other ciicumstanccs Ilydrdteil bihr.i di'Si.olves 
iji water at tlie moment of its separation from a caustic alkali, 
and alumina dissolves readily ni ammonia, wlicii produced m 
cont.ict with that suhsliincc by tlio oxidation ol aluimimui 
The usual disposition to outer into Lomlnnation, which silica 
and alumina then cxhihit, is geillifally ascribed to (heir being in 
tho nascent stfite , a body at Ihe moment ol its foiination and 
liberation, m consorpienee ot a decomposition, being, it is sup- 
posed, in ii favouiable condition to oiitei anew into romlnnation 
But their degiee of hydialion m the nascent slate may he Ihe 
loal f aiisc ot their siiperioi aptitude to comlniie 

Double decompositions tAo place wilhont the great evolution 
of heat ulnch often .lecompaiiics the diuct ti)inhin.itioii ot two 
bodies, and with an .ippaicnt lacihly or ahseiice of ellort, as il 
the copibinations wcie just balanced by the decompositions which 
o((iir at the same time It is, jieihaps, liom this i.iuse lliat the 
result of ilouble decomposition is so much alhded by circum- 
stances, paiticularly by the insolulnhty of one ol the compounds 
Tor it lb a general law, to wluch theie is no c\f*'plioii, tli.d two 
soluble salts canntit be mixed without the occuiieiice of decom- 
position, if one of tho products that may be formed is .m insoluble 
salt On mixing caiboiudc of soda and nitrate of linio, tlic 
decomjiositioii seems to be dctcimiiiicl entiiely b} the nisohibilily 
ol the carbonate of lime, winch pieeipitates When sulphate of 
soda and nitrate ot potisli aiif mixed, no visible cluinge occuis, 
and it IS doubtful wkellier the salts .ict upon each othei, liul if 
the mixed solution he concenliated, deeomposition orcuis, and 
suljiliatc ol potash separates by ciystalluation oiinig to ils iiilcrioi' 
solubility 

It may some tunes be proicd tli.it double di'compo ntion oecius 
oil mixing solubh s<ilts, allhongh no pie..ipitalioii siiiieiveiies 
Thus, oil mixing stiong solutions ol siilpbiite ol lopjicr .mil 
blonde of sodium, the colour ot the solution changes from 
blue to grevn, which indicates the tonnatiou o ciilorule of cojiiicr 
*aiid conscfjuciit ly that of sulphate of soiLi also Now it is known 
that hydrochloric acid will displace sulpluine acid liom the 
sulphate of copper at the tcmjn,r.iture ot tlio exiieumenl, while 
sulplmnc acid will, on the other, hand, displace'* hydrocliloiic 
from clilonde of sodium. It hence appears that iii the pie- 
ceding docile decomposition, those acids and bases uiute winch 
have the strongest aflinity tor e.\ch other, and the same thing 
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may happen on mixmg other salts But where the order of 
the afimities for each other of the acids and bases is unknowiij 
the occurrence of any change upon mixing saltsj or the extent to 
which the change proceeds, is entirely matter of conjecture 

It was the opinion of Berthollet, founded pnncipally upon the 
phenomena of the double dcconjj^Sisitions of salts, that decompositions 
are at aU times dependent upon accidental circumstances, sucli as 
the volatihty or insolubihty of the product, and never result from 
the prevalence of ccrtaui affinities over others; and conseijuently 
that in accounting for such changes, the consideration of affinity may 
be neglected He supposed tliatwhen a portion of base is presented 
at once to tivo acids, it is divided equally between them, or in the 
proportion of the (quantities of the two acids, and that one acid can 
come to poscess the base exclusively, only when it fonns a voktile 
or an insoluble compound with that body, and thereby tvitli^aws it 
from the solution, and from the influence of the other acid His 
doctnne will be most easily explained by applying it to a particular 
case, and expressing it in the language of the atomic theory Tlic 
reaction between sulphuric acid and mtrate of potash is supposed to 
be ds follows On mixing eight atoms of tlic ncid with the same 
number of atoms of the salt, the latter immediately undergoes partial 
decomposition, its base being equally shared between the two aoid-j 
which are present in equal quantities , and a state of statical equili- 
brium IS attained in which the bodies in contact arc — 

(a) Pour atoms suljihate oY potash 
Four atoms nitrate of jiotash ' 

Four atoms sulphuric acid 
Four atoms mtnc acid 

The nitrate of potash, it is supposed, is decomposed to the extent 
stated, and no farther, however long the contact is protracted. But 
let the whole of the free mtnc acid now be distdled off by the 
apphcation of heaff to the mixture, and a second partition of the 
potash of the remauuug mtrate of potash is the consequence , the 
free sulphunc acid decomposing the salt till the proponion of the 
two acids uncombined in the mixture is again equal, when a stattf of 
equihbnmn is attamed. Tlie mixture then consists of — 

{h) 8ix atoms sulphate of potash. 

Two atoms mtrate of potash , 

Two atoms sulphunc acid. , 

Two atoms mtnc acid. 



DOUBLE DECOMPOSITION OF SALTS. 


031 


On rcsmoviug the free mtne acid as before^ a third partition of the 
potash of the remauuiig nitrate ot potash between the two acids on 
tlie same pimciple takes place, of which the result is — 

(f ) Seven atoms sulpliate of potiish 
One atom nitrate of pokish 
One atom ■'ulphunc iNid 
One atom mtiic acid 

The propoitioii of the two arids free hi mg always the same Tlie 
repeated application of heat, by lemovmg tlie fice nitric arid, will 
cause the siilpliuric to be ag.uii m exross, which will ueccssitiitc a 
new partition ol the potasli ot the reuLiiuiug intiate ot potash, till at 
last the eiitiic separation of the nitric acid will be eHected, and the 
1i\ed product of the decomposition be — • 

. {/I) Eight atoms siiljihatc of jiotash 

Here the afllnity of the sulphunc and nitiie amis foi potash is suji- 
posed to be eiju'al, and the complete decompoMtiou of tin intiatc of 
Jiotash by the formei acid, winch takes jilace, is asciibed to the vola- 
tility of the lalter«acidj which, by occasioning its removal in jirojior- 
tion as it is liberated, causes tlie fixed suljiliuric acid to be cvci in 
excess 

Complete decompositions in which the precipitation of an insoluble 
''ubstance* occurs, weic explained by Jhithoilct in the same maunei 
On adding a portion of harybialo sulpliate of soda, the baiyta de- 
composes the salt, and acijuircs sulphuric aciil, till that aud is 
divicled between the two bases m the propoition in which they aic 
picscnt, and at this point decomposition would cease, wcie it not 
that the whole sulphate ot baiyta foimcd is removed by jirccipi- 
tation Jlut a new formation of that salt is tlie ncccssai y couscipieiice 
of that eijuable jiartitioii ot the and between the two bd'-es in contact 
with it, which is the condition ot eipiihbnmn , and the new jiroduct 
precipitating, more and more of it is formed, till' the suljihate oi soda 
IS entirclv, decomposed, and its sulphunc acid removed by an equi- 
valent ot baryta. 

' According to these views of Bcrthollet, no ' decomposition should 
he complete unless the product be volatile of insoluble, as in the 
cases instanced But such a conclusion is not consilient with obser- 
vation, a\ it can be shewn that a body may be separated completely 
from a cqpipound, and supplanted by another body, although none 
of the products is removed by the operation of either of the causes 
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specified, but all continue in solution and in contiict with each other 
Thus the salt borax, which is a hiboratc of &oda, is entirely decom- 
posed by the addition to its solution ot a (piaiitity of sulphuric ucul 
not more than eciiLivalbiit to its soda, although the liberated boracie 
acid lemains in solution ,< for the hipiid iniparts to blue litmus papei 
a purple or winc-red tint, winch ^dicates free boiacic acid, and not 
that char.icteribtic red tint, rebCinbling the red of the skm of tin 
onion, wliiclinould iiievitablj be produced by the most minute quan- 
tity of tlie stiongir acid, if free But if the borax were only decom- 
posed in i>!ut 111 these circumstances, and its soda ciiually divided 
bctMcen the two acuN, then fn‘c sulphmic, as well as bor.icic acid, 
should be found in the solution The complete decomposition of the 
salt can be accounti d for in no way but by asciibing it to the liighci 
aflinitj of sulphuric acid for soda, than that of boracic iicid foi ^hc 
same base 

According to the same views, on miviiig togethei two *neutr.d 
salts containing dilferent acids and bases, and wluch do not precipi 
tale each other, each acid should combine with both* bases, so as to 
occasion the foimation of foui salts Again, four salts, of w'liicli the 
acids and bases cUe all dissimilai, sliould icact «|)oii each other in 
such a w'ay as to produce sixteen salts, each acid acquiring a portion 
of the four bases , and certain acids and basis, dissolved togetlmr iii 
certain proportions, could have but one ainmgciuent m which tlic'v 
would rcinani m ccjudibrio lleuco the salts in « mineral water 
would be ascertained by determining, tin* acids and bases present, and 
supposing all the bases jiroportionally divided among the acids Bui 
tins conclusion is inconsistent with a fact observed in the preparation 
X)f factitious mineral w'aters, namely, that then taste depends not onlv 
on the nature of the salts, but also upon the order m which tliey are 
added (Dr. Struve, of Dresden.) Before we can determine how the 
acids and bases arc arranged in a mineral water, or what salts it 
coutiuns, it may therefore be necessary to know the Instory of its for- 
mation Instead of supposing the bases equally distributed among 
the acids in mixed saline solutions, it is now more generally assumed 
that the strongest base may be exclusively in possession of tbe^ 
strongest acid, and th^ weaker bases be united witli the weaker aciiTs, 
a mode of viewing tlicir composition which agrees best with the 
medical quahties of mineral w aters It thus appears that the doc- 
tnnes of BerthoUct, by winch the resulting actions betweeij, bodies in 
contact arc made to dcjiend upon then lelative ciuantities^or masses, 
and tin pbjsic.d pioportics ot the products of Ihcir cuinbination, to 
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the entire exclusion of the agency of proper affinities helwcciv the 
bodies, cannot be admitted as a true n'prcsentatioii ot the .ictiul 
phenomena of combination 


CAFALYSlS, on DFXOm^^smOV HY IJOXTACT 

An interesting ohi'is of decompositions has ot late attracted 
considerable attention, nliicb, as ilnyciinnot be act omit cd for on 
llie ordinary^ laws of clieiiucal ailiiiify, h.ive Iicni loleiied by Hei- 
/elius to anew power, oi latliei new loiin ot tlio lotce of chemical 
affinity, w'hicli he lias distinguished as the Cafa/iftK foia-, and the 
effect of its action .is (Ju(ah/\t\ (liom kam, downwiiids, and \vm, 1 
unloosen) A body in wlucli this powei ic-'idc', resolves ollieis into 
new comjicunds, merely by contact with them, oi hy an action of pie- 
sence, as it h<is been termed, without gaining or losing any (lung itself 
'J’lius ipi ,icid coinerts a solution of slaicli (.it a ceitain (('inperatiirc), 
first into gum <ind then into sugar of giajies, .Jtlioiigli no combi- 
nation takes place between (he elements ot tlie acid and tliosi' of 
(lie starch, the acid being toimd lice, and uiidimimshed m (piantity, 
after cllcc ting the change Tlie same mutations aie piothiced m a 
more rcinaikable manner by the presence of a imiiiito ciu.infity of .i 
vegetable jmuciplc, allied iii its general piopcrlics to gluten, 

wliicli appears lu the goiinination of barley and other seeds, .nid 
converts tlioii starch into sugar and gum, which, heiiig soluble', form 
file sap th.it uses into the germ, and nouiishes tlie plant This 
c\.unj)le of the action of a catalytic poiver iii an oiganic serretioii is 
piobably not the only one in the .immid and vigctable kingdoms,* 
lor it is not unlikely Unit it is by the action ot such a loice that veiy 
different substances are obtained from the s.ime crude m.ilen.d hy 
diflerciit organs In animals, tins erucle matcri-il, wdiicli is the blood, 
(lows m the uninterrupted vessels, and gives rise to all the different 
secretions , such as milk, bile, unne, &c without the presenee ol 
any foreign body which could form nev combinations A beautiful 
instance of an action of catalysis was traced by Liebig and Wohler 
in the chemical changes which the bitter .ilinond exhibits The 
application of heat and water to the almond, 1/y giving solubility (o 
its emulsin or albuminous principle, enables it to act upon an asso- 
ciated pru\ciple, amygdalm, of a neutral character, which tlicn liir- 
mshes bodiqs so unlike itself as the volatile oil o! aim iids, hydro- 



234 


CHEMICAL AFFINITY. 


cyamc and formic acids The achon of yeast iii fermentation w a 
more famiUiar illustration of a similar power. The presence of tliat 
suhstance, although insolublej is sullicicnt to cause the resolution of 
sugar into carbonic acid gas and alcohol, a decomposition which 
can be effected by no oilier known means Clianges of this kind, 
although most fietiucnt in orgj|wc compounds, are not confined to 
them The binoxide of hydiogcn is a body of which the elements are 
held togcth«*r by a very slight aihuity It is not decomposed by 
acids, but alkahes give its elements a tendency to separate, slow 
eflervcsccncc occurring with the disengagement of oxygen, and uater 
being formed Nor do soluble substances alone prodiiec this efteet , 
other organic and niorg.uiic bodies, also — such as manganese, silver, 
jilatiinnn, gold, fibiiii. See which are peifccfly insoluble — exert a 
similar power The decomposition, in those instances, takes jjJacc 
by the mere presence of the foioign body, and without *tlic smallest 
quantity of it entering into the new comjiouiul , tor the most inniiite 
lescarclies have failed in discovciing the slightest alteration iii the 
foreign body itself The liquid persulphide of hydrogen, and a 
solution of the nitrosulphate ot arainoina of Pelou/c, arc decomposed 
m the same way, and by contict of nearly all thg» substances which 
act upon peroxide of hydrogen One remarkable dilference, indeed, 
is observable, namely, that alkalies unpart stability to nitrosiiljihate of 
ammonia, while <icids ilecoiiiposc it, or tlic reverse of wliat happens 
with botli the binoxide and bisulplude ot hydrogen * 

The phenomena rcfeired to catalysis arc ot a recondite nature, and 
much m need of elucidation The influence of platinum, foimerly 
noticed, in disposing hydrogen and oxygen to unite, is piobably 
' connected with the catalytic power of the same mebd, but is at 
present equally inexplicable It would be unpbdosopliical to n'sL 
aatished by refemng such phenomena to a force of the existence of 
winch we have no evidence. The doctnne of catalysis must be 
viewed in no other hght than as a convenient fiction, by whicli wc 
arc enabled to class together a number of decompositions not pro- 
vided for m the theory of chemical affinity, as at present understood, 
but which, it 13 to be expected, wdl receive their explanation froin^ 
new investigations 'It is a provisional hypothesis, like the doctrine 
of isomerism, for tvhich the occasion wdl cease as the scieuce 
advances. 


* Phil Mag 3d Senea, vol x p 489 
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SECTION II. — CHEMICAL POLAaiTH 

Illustrationfi from mnfjnettcal polanty — The ideas of indnetioii 
and polarity, which now play so important aipart in physical theories, 
were originally suggested by the phenomena of magnetism, which 
still afford the best expcnmental illustrations of them A bar 
raiignet exlubits attractive pow cr which is not possessed in an equal 
degree by every particle composing the bar, but is chiefly localized 
111 two points at or near its extremities ^I'lic jiowers, too, residing at 
these points arc not one and the same, or simiLu', but dillerent, 
indeed contrary, in their nature , and are distinguished by the different 
names of Austral magnetism and llore.il inaguetisin The opposition 
111 tlic modi* of action of these powers is so perfect, that they com- 
pletely negative or ueutrsdiye each other when residing in the same 
particle of matter m equal quantity or degree, as they are supposed 
really to exist in non before it is nuigneti/ed , and they only signahze 
their presence when displaced and separated to a distance from each 
other, as they are in a magnet A body possessing any such powers 
residing iii it, wlach are not general but local, and not the same 
but opposite, IS said (in the most general sense) to possess polanly 
In the theory of magiietiNm, it is found necessary to consider a 
magnet as composed ot minute indivisible particles or filaments of 
iron, each of wluch has individually the piopcrtics of a sejiarato 
magnet The displacement os separation of tlie two attractive 
powers takes place only M'lthiii these small particles, wluch arc called 
tlie magnetie elements, and must be supposed so minute that they 
may be the ultimate particles or atoms themselves of tlie iron * 

A magnetic bar may, 
„ therefore, be represented 
as composed of minute 
% portions, « i m fig 5 H 
representing one such 
portion, t|)ie right hand extrenuties of each of which possess one 
species of magnetism, and the left hand extremities the other. Tlie 
unshaded ends being supposed to possess adstral, and the shaded 
ends boreal magnetism, then the ends of the bat itself, of wluch these 
sides of the elementary magnets fom the faces, possess respectively 
austral aqd boreal magnetism, and are the austral and boreal poles of 
the magnet Such, then, is the polar condition of a bar of iron 
poBsessmg magnetism, of which the attractive and repulsive powers 
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residing at the extremities are the results Of the existence of siicli 
a structure the hrcdkiiig of a indgiiet into two or more parts a(lor(l >5 
a proof, for it forms as many complete magnels as there arc Jiarts, 
new ])olcs ajipcaniig at all tlie (r.icliirc(l cxtiemilie'' A inagm tu 
cleracnt, it is to he leitAjiubered, is itself insecablc, like a chcinic.il 
atom, that llic division must t^e jiLiee between magnetic elements 
When to file boreal pole It of a magnet (fig 59), 
which maybe of the horse-shoe form, a pieec of soil 
^ non, n h, wholly destitute of magnetic powers, is pio- 

f ^ senii (1, .1 snnil.ir ihspLieeinent of the in.igriclic foices of 
ils chiiu'Tils oeciiis .ism flic m.ignet itself, oi « h 
Imcouk's a magnet hy induction, .md may atfract and 
^ „ nidiiee rn.igiu lism m .i s* coiul h.ir a h' , both of 

" which coiitiiine iii.igiiefic so long as the fust icrawiis 
^ m the same position, and uiiiler fhe infliiedcc qt A B 
'I'liesc induced magnets must have the s.iine polai 
moleeulai structiuc as the oiigmal magnet, but llieii 
magnetism is only teiupor.iry, and is iimiiedi.itely liisf 
when they aiu lemovocl liom the jioim.inent m.ignel TJie displace- 
ment of the magnetisms in these iiidiieed m.igiiets»coiimiences .it fhe 
extremity a of a h, in contact w'lth J3, wludi exfreinify has the 
opposite ni.ignc'fism ot B, (the dithient kniils ot magiutism being 
mutually atti.vctivc,) .md is ilie austr.il iiole ol a b, and Sis Us 
boreal pole Of «' S', ag.nii, tlie ujipei ext leinity a', in conbvet with S', 
IS the austral, .uid the lowci cxtiemtfy S' the boic.d pole, or S and S' 
have the s.une kind of magnetic powei .is the pole B of the original 
in.ignet, lioin winch lliey aic dependent A third bai ot soil non 


"pl.iced at S' is likewise pol.iri/ed, and the sencs ot ludnct'd m.igiiets 


Fie CO 
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may be still taitlici extended, but tlie .it- 
traetive jiowers developed in the ditfcreiit 
membeis of the serii's become less and 
less with tbeir disfaiiee fioiu the pole B ot 
the original iii.igiiet 

A similar set of bais m.iy be* connected 
with A (fig CO), which become tern-, 
poiary magnets also accoiding to the same 
law,tIiejlowei extremities of this set being 
•lustra) On now uniting the lower extre- 
mities of both sets by another bar of soft 
iron a" S", (fig 61), either cet renders ^ 
n" S" a magnet, h.iving its austral pole at 




ATOMIC RKPHESENTATIOX of \ DOUBLE DKC'OMPO'^ITION 237 


u" aiul its borc.il polo at h” , luitl :«;ting togctlior, they coimnunicatc' 
n (logrco ot inagiiotism to the uniting bnr gi cater tliaii citlioi sot pos- 
sessed bcfoio tlicy were united By this coiiudmou, also, the iiuUuluo 
aotions of each set ot brus me brought to beai upon the othei, and 
flic attractive forces .it all then poles arc thereby gre.itly iiiei eased 
In the most favourable conditions a*- to the si/e and coiineMon of tin 
tcinpoiary magnets with relation to the pninaiy magnet, e.i(h of the 
lormcr, however iiiini<‘rous, dc(|unes powers (ipial to those ot the 
oiigiiml magnet Tlnsgcneial inhaiKcmeiit of powei in the induced 
magnets has been accjuiicd, theiefore, by completing the circle of them 
h( t\i ec 11 A and B 


Tt IS also impoitant to obscive, Mitli a \i(W to the fntiiie ajijiliea- 
tion of the lemaik, that a single bai ot sott iron, oi h/fn , as h n, 
(fig^Oa), connecting the jioles ol a magnet A 11, not only ai (pares 
at h and a equ<d though o])posile pmvcis to the contigimus poles of 
the magnet, but also ictiels by induction on tin si' jiolcs 
’ themselves in a gimlual nuuinci, and ineu.ises their 



maghctisin 'I'hc ongiiial maguctu touts of A and B 
aic theiefoie incuastd, by Hit ojipoit unity to ait mdnr- 
tivdy, which the cornu cimg bnr allbids them The 
tliK'ads of steel tilings Mhicli arc t.iken iiii by a m.igiiet, 
(sec llguie 63) illustrate the miluetivi' action of m.igne 
tism, for each gram ol steel is a rom|)l('te m.ignet, and 
the threads a senes of coimccted magnets It mil be 


obs( rved also that tliesi 
tine, ids diverge tioin 



each othei , beeaiise, 
nhile unlike poles .ue 
m coiitad in laeli 
thread, which attr.ict, 
like poles aie in cOn- 
tac tof ail )oinmg tlireails 



which repel This repulsion of polar chains by each other, there 


will be occasion again to refei to 

Atomic ei>u‘U‘ntutii)H of a tloublc deutmito^ilion — Chcinical 
'polarity, although less adapted for exhibition, is still moie sim])le tban 
uiugiietic polanty in its nature, while it is of a more fundamental 
charactei, and appears to be the bifeis of all other polarities wliutcver 
In a binary compound, — such as clilondc of potassium, — there reside 
two attractive powers, opposite in their nature , namely, the halogcnous 
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affinity of the salt-radical chlorine, and the basyloiis affinity of the 
metal potassium The atomic tlieory gives form to the molecule 
of chloride of potassium one atom, Cl, being the seat of 
the halogenous, chlorous, or negative affinity (as we shall also 
call it), and tlie othe'r atom, K, the seat of the basylous or 
positive affimty A binary sahpe molecule is thus entirely similar 
to a magnet te element We have to deal with two affimties only, 
— the chloions and bas)lous. Atoms possessing different affinities 
attract each other, nhile atoms possessing the same affinity repel 
each other 

The two binary compounds, hydroclilonc acid (chloride of hydro- 
gen) and oxide of lead, when brought into contact, mutually decom- 
jiosc each other, forming chloride of lead and water H Cl and Pb O = 
Pb Cl and II O. At the instant of acting upon each other, the tw o 
compound molecules must have a certain relative position Under 
(1), the basylous hydrogen of the * 

hydroclilonc acid is presented to ^ ’ 

the basylous lead of the oxide of (ci) (Sl) (h) 

lead, atoms which repel each other. 

In (2) and (3), on the contrarj', a 
basylous atom of one molecule is 

presented to a halogenous atom m CO ) (Ph) 

the other, H to O m (2), and Cl 
to Pb in (3) These arc attractive 
pairs , but, before they can enter . 

into new combiuatioiis, they must be roleaced from the (4) 
atoms with wluch tlicy arc already combined , which 
•can be effected m (4), tlie only disposition of the polar 
molecules in which both attractive poles are together, ( J^(^Q) 
and the actual decompositions and combinations pos- ^ 

sible Cl is m contact with Pb at the same time tliat H is in 


(4) 

(Cl)fPb) 


contact with O, allowing the simultaneous formation of Pb Cl and 
H O This 13 no more than the expression of a double decomposi- 
tion m the language of the atomic theory 

It la further to be observed, that, m the onginal polar molecules 
(4)^ although approxflnation and combination are promoted by tlie 
attraction of the coittiguous unhke poles, they are opposed by the 
mutual repulsnm of the hkc pol^s , Cl repeUing O, and Pb repelling 
H. This unfavourable influence of the repulsions is redyced to a 
minimum m the arrangement of several pairs of the hydrochloric acid 
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111 (5), four pairsi 


( 5 ) 

A 


and OMde of lead molecules to form one ciicle 
of tVic polar molecules are symme- 
trically placed, IICl alternately 
with PbO, and the attractive poles 
of the diffeicnt molecules together 
Affinities tending to a simultane- 
ous fomiation of chloride of lead 
and water are equally favourexl m 
tins arrangement, as in (4) , while 
the mutual repulsion of the like 
atoms, — such as the H and Pb, or 
the Cl and O of the adjoiiung 
molecules A and B — is less, ,is 
these like atoms are more distant 
from each other m the circultur 
arrangement It is obvious that 

the repelling atoms will be more distant the huger the circle, or the 
more neatly a segment ot it approaches to a straight hue This 
arrangement of many pairs in a circle, being a condition of equi- 
libniun, is a neccssaiy one, and must bike jilacc in all double decom- 
positions occurring in a liquid where the binary molecules arc free 
to move The fonnatiou of sncJi polar circuits explains the ready 
occurrence of double decompositions , but it is of still more impor- 
tance, as being the simplest and most intelligible exhibition of a 
voltaic circle ' 



Aition of an and ujttm two mrtnh in contact — When a plate 
of zinc IS plunged into hydrochlonc acid, a chemical rliange of a 
simple nature ensues, tlic metal dissolves, combining witli the chlonnc ’ 
ol the acid and displacing its hydrogen, the gas-bubbles of which 
form upon the zinc plate, increase in si/c, detach themselves, and 
rise through the liquor to its siiifacc The solution of zinc, when 
effected by its substitulion fot hydrogen, as in ^this expenment, is 
attended by a tram of extraoidiiiary phenomena, which become 
apparent -iijlien a second metal, such as copper, silver, or platinum, is 
„ placed in the same acid fluid, and allowed to touch the zinc, the 
second metal being one upon which the fluid exerts no solvent action, 
or a less action than upon zinc ^ 

The zinc plate being connected )jy a metallic wire’ with a copper 
plate, as..represented m fig. 64, and both dipped together in the 
^hydrochlonc acid, the zinc only is acted upon, and dissolves as rapidly 
as before , hut much of the hydrogen gas now appears upon, and is 
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(li'<fliargr(l from tlic siirfjipo of tlic cojjpor 
.mil not from tin* /me Tlio hydrogen^ being 
prodiitcd by tlic solution of the isme, thus .ip- 
penrs to tnivel tluoiigb the Iniuid fioiii th.it 
ropiMT mefcil lothc eop^ier Hut no enrrent or nlo^e- 
iiieiil 111 tlipjiquiil IS pcicejitiblc, nor.iny jiliciio- 
meiion nb.itcver to iiulicate the aftu.il jiasstige 
of ni.Ultr lliiough the liquid in that direction 
'I’lie 1 i<ni''fcieiicc of tlic lijdrogen must take 
by the prop.ig{ition of a deeonipoMtion 
fluoiigli <v cluiii ol particles of lij drochloric 


.111(1 e\tindmg fioin tlie /me to the coppei, and may be conceived 


b\ llie di.igrmn on the in.irgin, in winch each pair of associated 


1' K. G T 





eiicles in.uked tl and h represants 
a particle of liydrocMonc acidj 
nio chlorine <! of parliilc 1 in 
contait with the /me combining 
•copiwrMitli th.it met.l 1 , ‘its hjdrogcn h 
combiiu's, tlic moment it is set 
flee, with the chlonne of jiarticle 
2 , as indic.vted by the connecting 
br.icket belmv, .and liberates the 


Indrogoii of that paitide, which h^diogeii tortliwith combines ivitli 
the cldorme of particle 3 , and so on through a senes of particles of 
.my extent till the docompoMtioii re.»';hcs the coppei plate, ivhen the 
last lilierated atom ol hydrogen (th.it of jiarticlo 3 , in the diagram) 
not having hydrochloric acid to ait upon, is evolved and rises as gas 
<11 contact witli the copper jilatc 

It IS to be obseived that this succession of decompositions and 
recombinations leading to tlic disclnirgc of the hydiogen at the 
copper, does not occur at all unless that plate be in metallic con- 
iicxion with the zinc, by means of a wire, as in the figure, or by the 
plates themselves touching without or within the acid fluid Tins 
woidd seem to indicate that while the dccompositioir travels from 
the zinc to the copjicr through the acid, some force or influence is 
piop.igated at the same time through the wire, from the copper b<iclc 
agaan to the zinc That sometlnn{T does pass 1 hrough the wire m 

these circumstances is proved by. Its being lieatcd, and by its tem- 
porary assumption of certain electrical and magnetic properties 
Whether anything material does pass, or it is merely a vibration or 
vibratory impulse, or a certain induced condition that it is propa- 
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gated through the molecules of the wire, of which the electncal 
appearances are the effects, cannot be determined with certainty. 
But a power to effect decomposition, the same in kind as that 
occurring in the acid jar, and which acts in the same sense or 
direction, is propagated through the wire, and appears to be funda- 
mental to all the other phenomena 

Let the wire, supposed to be of 
platinum, connecting the zinc and 
copper plates, be divided m the 
middle, and the extremities A and 
B of the portions attached to the 
copper and zinc plates respectively 
be flattened into small plates, and 
then dipped at a little distance from 
each othci m a second vessel con- 
taining liydnodic acid lodmc will 
soon .ippcar at A, although that ele- 
ment 18 incapable of combining with 
the substance of the platinum, and hydrogen gas will appear at B 
If the connecting ivirc and flic small plates A and B were of zinc or 
of copper, the liydnodic acid would be decomjioscHl precisely iii the 
same manner, but the iodine as it readied A vi ould unite with the 
metal and form an iodide Supposing a decomposing force to h.i\e 
onginatcd in the zme plate, and to have circulated through the 
hydrocldonc acid m the jar to the copper plate, and onwards through 
the wires and the liydnodic acid back to the zinc, as indicated by the 
direction of the arrows, then the hydrogen of the hydnodic acid has 
followed the ssime course, and been disdiaiged against the metallic 
surface to which the arrow jioiiits 
The solution of the zinc in Iiydiochlonc acid which devdopcs 
these powers, acting at a distance, is not itself impeded, but on 
the contrary is promoted by exerting such an infinencc for, placed 
alone in the acid, that metal scarcely dissolves at all, if pure and 
uncontaminatcd with other metals, or if its surface has been silvered 
with mercury, but it dissolves with rapidity wjjien a copper plate is 
associated with it in the same jar, in the manner desenbed Hence 
the decomposing power which appears between A and^ B caimot be 
viewed as actually a portion of that which causes the solution of the 
zinc m the hydrochlonc acid, for that force has suffered no dimiiiu- 
-tion m its (A?n proper sphere of action. 

E 
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This coiobmation of metals and fluids is known as the stnt^ile 
voltaic circle 

To explain the phenomena of the voltaic circle, the existence of a 
substantial pnnciple, the electric fluid, has been assumed, of such a 
nature that it is readily communicable to matter, and capable of 
circulating through the voltaic arrangement, carrymg with it peculiar 
attractive and repulsive forces wlucli occasion the decompositions 
observed. A vehicle was thus created for the chemical aflimly which 
IS found to eiiculale 13ut it is generally allowed that tins form of 
the electncal hypolhcsis has not received support from observations 
of a recent date, p.xrt]cul.uly from the great discovcncs of Mi Para- 
day, which have completely altered the aspect of this department of 
science, and suggest a very dillereut interiirctation of the phenomena 
All clectncal iihcnoincna whatever arc found to mvolvc the presAiee 
of matter, or theie is no evidence of the ludejiendcnt existence of 
electricity apart from matter , so that these phenomena may really be 
exhibitions of the inherent properties of matter The idea of any- 
thing like a circul.ifion of electricity throiigli the voltaic circle 
a])pears to be ab<uidoiied. Electrical inducfion, by which certain 
forces are propagated to a disbmce, is found to be always an action 
of contiguous particles upon each other, in which it is unnecessary 
to suppose that any thing jiasses from particle to piuticle, or is tak(‘n 
from one particle and added to another The change which a 
particle undergoes takes place within itself, and it is looked upon as 
a temporary development of (hnerent powers in different points of 
the same particle. The doctimc of polarity has thus come to be 
introduced into the discussion of electrical pheiioineiia.* 

One rcasion for retaining the theory of an electric llmd or fluids 
IS, that it affords the means of expressing in distinct terms those 
strictly physical laws wdneli arc reputed dectricsd , and for many 
purposes such an hypothesis is unc|aestioiiably useful, if not absolutely 
necessary , but it has nothing to recommend it in the descnption ol 
Ihe chemical phenomena of the voltaic circle. These admit of a 
perfectly intelligible statement, when viewed as an ciJliibition of 

V • 

For Mr FaradBy’s viaTrs, the eleventh and aubscqnent genes of his Researches, in 
the Philosophical^Transactions for 1836. aid the following years, may he referred to 
He has favoured the sciciitiQc world with a cepnnt of the whole senes Hmday’s Enpe- 
nmcntal Researches in Elcctncity R and J E Tavlor, London. 1839 Kie subject is 
also aystematicnlly treated in tbc work of the late Professor DauicU, ei^itled an Intro 
diictiou to the Study of Chemical Philosophy, which may be consulted with advantage 
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ordinaHy chemical affinity, acting itt particular circumstance's, without 
any clectncal hypothesis 

Polarity of the airanyemcnt — It is to be assumed that the /aiic 
and hydrochloric acid are both composed of^ particles, or molecules, 
which are susceptible of a jiolar condition. Of hydiocldonc acid, 
the chemical atom is the poLir molecule, and it therefore consists of 
an atom of chlorine and an atom of hydrogen associated togcthei 
The polar molecule of zinc may be supposed, loi a reason which will 
afterwards appear, to consist of a pair likewise of associated atoms, 
wluch, however, are in this body both of the same element 'I’lio 
powers appearing in a polar molecule of zinc and of hjdroclilonc acid 
arc the same One pole of each molecule has the basylous atti ac- 
tion, or affinity, winch is cliar.icterjslic of /me, oi zintons attraction, 
and may he called the raucous pole, wlnle the othci b.is the lialo- 
genons attraction, or affinity, winch IS cliaiacteiistic of dilonnc, or 
ihhiouK attraction, and may be* called the chlorous ])o!c 

Zme and acidun contact may Ihcicfore be lepicscnti'd (fig (>7) 

by trains of associated pairs 
of atoms Jn the mole- 
cule ol hydrochloric acnlB, 
which IS next the /me, the 
clilolinc atom forms the 
chlorous pole, and is tinned towards llii* zinc, the fluidity of tlie ,itid 
allowing its molecule to take that position, winch may be indicated 
by mscnbiiig cl iii the circle winch icjirescnts the cliloniic atom 
The other atom of the molecule B, oi the hydrogen, is the oppositi', 
or ziucous pole, and is maiked Of the two atoms forniiiig tlie 
polar molecule A of the zinc, the cxtenoi atom wdiicli is m tontacl 
with the acid has tlieieby zmeous nttraetiori dovdoped in it, and 
becomes the zincous pole, wlulc the interior becomes the chlorous 
pole, as indicated iii both by the inscribed letters This polai 
condition of the zinc must be supposed the neccs^aiy and immediate 
consequence of its contact with the polar acid. 

But each of these paiticles throws a train of particles of its 
*own kind into a similar state of polanty . A, the eoiitig^oiis 
particles E and I of the zme, and B the contiguous particles 
C aud D of the acid Eor cl bf A becoming a ejilorous pole, 
developes near it in on opposite,* or zincous polo m z ol E, 
and a clilorous pole m cl, the more remote extremity ol E , 
m the same manner as tlie austral pole of a magnet diwelopco, 
by^mduction, a boreal and austral pole m a piece ol soft iron 
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appbed to it. And aa the induced magnet, thus formed, will react 
upon a second piece of iron, and render it also magnetic, so the 
polanzcd particle E renders T similarly polar. The polar arrange- 
ment of the particles C^and D of the acid is produced by B in the 
same manner But as in a senes of mduced magnets (fig 
page 236), the magnetism acquired diminishes with the distance 
from the pole of the onginal magnet, so in trams of chemically 
polarized molecules, such as A, E, I and B, C, D, the amount 
of polarity developed in each molecule will diminish with the distance 
from the sources of induction A and B , I being polarised to a less 
degree than E, and U than C 


Tn the electrical theory of the voltaic circle as modified by 
Mr Faraday, the zinc and hydrochloric acid are eq. ally supposed 
to have a polarizable molecule. The polarity is also devclopccl in 
tfiese molecules by their approximation or contact The molecule 
of liydrocldone acid is supposed to contain the positive and negative 
electricities, uluch possess contrary powers, like th® two magnetisms, 
and are in combination and ncutnJizc each other, m the non-polir 
condition of the molecule But the contact of ziiie causes the 
separation of the two electricities in the acid molecule, its atom 
of chlorine next the zinc becoming negative, and its atom of hydro- 
gen positive riie electricities of the zinc molecule arc separated 
at the same time, the side of the molecule next the acid becoming 
positive, and the distant side negative. The positive and negative* 
sides of the two dilTereiit molecules* are tlyis m contact, the different 
electricities, like the different magnetisms, attracting each other 
Hence, one side of each molecule it> said to he positive instead 
of ziiicous, and the other side to be negative instead of cldorous 
Polarity of the molecule is supposed in both views, but on one view 
the polar forces are the two electricities, on the other two chemical 
afiimties The difference between the two views is httle more than 
neminal, for in bdth the same powers and properties are ascribed to 
t c acting forces Tlie eicctnciiics are supposed to be the cause 

Tn * tut- it may with equal justice'be assumed 

that chemical afiuiitKs are the cause of the phenomena reputed* 

electncal One set of forces only is necessaiy for the explanation 
of the phenomena of combinaticfa, and the question is, whether are 
these forces electrical or cliebiical ? Shall electncity supersede 
chemical aihmty or chemical affinity supersede dectncity"? If the 
electricities «tou W be retained, m discussing the voltaic circle, their 
names might weU be changed, the positive called zincous dectncity. 
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and the negative chlorous elcctncity, which express (as will appc.ir 
more clearly afterwards), the nature of the chemical alTiintics with 
which these electncities are invited, and of which they are indeed 
constituted the sole depositories The propagation of the effects to 
a distance is supposed to take place by the polanzatioii of chains of 
molecules, on the electrical as well as chemical theory of the voltaic 
circle, so that the explanations winch follow, although e\{>resi>od in 
the language of the chemical theory, arc the same in substance as 
those which are given on the electrical theory as now understood. 

If the attractions of the respective zincous and chloioiis poles 
of A and B which are in contact, rise to a certain pond, the 
atom z of A IS detached from the mass of metal, and combiiu's with 
the atom cl of B, which last atom is disengaged at (lie same fitiie 
froiiT its hydrogen. Chloride of zinc is produced and dissolves in 
the liiiuwl, while hydrogen is disengaged and rises from tlie surface 
of the metal, or we have the ordmaiy circumstances of (he solution 
of an isolated ma'is of zinc m hydrocldonc acid 

j SIMPLE VOLTAIC CIRCLE. 

Circle With the connecting wiie tinhrvken — Wlieii the /me is 
jiuro, or its surface ainalgainated with inercuiy, the zincous and 
chlorous attractions of the toucluiig poles of A and B are not suf- 
ficiently intense to produce these effects, and combination does iiol 
occur. Let a coiiper plate 1’ G II (fig 68), be then iidroduced 

Fig 08 


Connecting wire 



•into the acid, and connected by a mctalhc wire II K I with the zinc 
The particles of the acid assume chlorous and ziiicous poles as before, 
so also do those of the zinc, ani the chain of polar molecules is 
now continued through the zinc and wire to the copper, the ex- 
terior pafticle F of which, it will be observed, comes tlicrcby to 
present a cWorous pole to the acid. The contiguous particle D of 
acid IS thus exposed to a second induction from the clilorous polanly 
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of the copper, which luu cases the ziiicous polarity of the side of D 
next V, and, therefore, cooperates iii enhancing the polar con- 
ilitions already assumed by the chain of acid particles extending 
between the two metals. An endless eJiain or circle of polar mole- 
cules symmetrically arfcinged is thus formed, such as exists in a 
magnet of which the poles arc united by a lifter, m which every 
particle in the chain has its own iiolar condition elevated by induction, 
and at tlic same time ilocs itself react upon and elevate the polar 
coiulitiou of every othci paiticlc in the chain The result of this is 
that the primary atlraction of the /me atom 2 of A, for the chlo- 
nne, cl of the liydrochloric acid B, is increased, and attaiiis that 
degree of intensity at which the resistance to the impending coin- 
Iniiatiuu IS overcome, and the z and cl of A and B unite But 
ni a nrelo of polar molecules, in which the condition of any* one 
molecule detemnnos and is detennined by that of every other, the 
nitcnsity of the polar condition is necessarily the same in every 
Lleimut of the cucle The theimccd polaiity, therefore, of the othei 
jiarlides forming the chain, must increase to an ciiual degree as 
with A and B, when the circle is completed, and the same change 
must now occur m all of them that has occurred ^11 A and B The 
pole of B next C is intensely /mcous, while that of C next B is in* 
tensily cliloious, whence the tldonuc and hydrogen cl and 2 of tlicsc 
two particles combine together At the same time, and for the same 
reason, the liydrogcn j ol C unites with the chlorine cl of D, and 
so on, tliiougli a chain of paiticles bf hydrocldonc acid of any length, 
till the copjitT IS leaehed, W'hcn the Iasi acid particle, D in tlic 
ligure, yields its hydiogcn to the cliloious pole of the copper tl 
But ///c hyihoyen not hem*/ capable of comhininy j)crmaveullii 
Willi the toppc), ts libel ated as gas ujioh the surface of that 
metal 

Some internal change of a similar character apjiears to take place 
in the chain of polaii/ccl molecules extending tlirough the metals 
tiicinselves — a scries of molecular detachments and re-attachments, 
•imong the atoms of then polar molecules, hkc the decompositions 
.iiul rccoinjiosil ions 111 the acid, causing evolution of Iicat and otUei^ 
phenomena, gencnill^ reputed electrical, which the zme and copper 
lil.vtes aiid tlie connecting wire cxi'ibit. 

, A Hialf/a Illation oj the znn plate . — The polar molecule of the 

metals has been assumed to contam two atoms (like tiiat of the 
field), with the view of ossnuilating these mtcstiiic changes in tlhi^ 
vohd to those occurring 111 the fimd portion of the voltaic circuit, and 
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also because it appeaxs to account for the advantage of amalgamating 
the zinc surface lu the amalgamated pUte, it is not zinc itself, 
but a chemical combination of mercury and zinc, which is presented 
to the acid, in which mercury 13 the negative element, and wluch 
might, therefore, be called a hydrargyride of Bine. That combination 
likewise is Jluid. It must constitute the polar molecule, winch will 
then consist of an atom of meicury as chlorous pole, and an atom ol 
ymc as zmeous pole, and not of two atoms of zinc. Such metallic 
molecules being capable of movement from their fluidity vvdl place 
themselves, in ionning a polar cli.\iu, with tUcir mihkc poles together, 
as the fluid acid particles arrange themselves. So that m an amalgam 
of zinc, of which A, E, and 1 , are polar molecules (fig 68 ), all the 
atoms marked cl arc mercury, and those marked ^ me zinc It thus 
folkws that, when by contact with an acid the amcJgain is polarized, 
it presentb a taco of zinc only to the acid If the mercury weie ex- 
posed to the acid, that metal would com])lelcly derange the result, 
acting locally like a copper plate, os will alLenvaids be explained 
The previous comliuiatioii ot the zinc (with mercury) likewise pre- 
vents that meldl Iroiii jicldiiig cosily to the chloimc of hydrochlonc 
acid, and the zn c of tlic amalgam is, theiefore, not dissolved, till 
(he afliiiities are enhanced by the iiitroductiuii ol a copper plate into 
the aeid, and the formation of a voltaic cinlo 

It would thus appeal that zinc, associated with copper, dissolves 
more readily in the acid than when alone, because tJic .ittractiou 01 
alTiiuty of the /me for cliloiino is increased by the completion of a 
cuclc of snuilaily poloi’ iiiolocidcs, 111 the s.iinc ni.iunei as (lu- 
magnetic lulcnsity at one of llic poles of .1 ni.igjiet is increased on 
completing the cuclc of similarly poLiii/cd ileim nts, by coiuicifirig* 
that pole hy means of soft non with flic ofliei polo (Fig 62 , Jiage 
237 ). 

Althougli the terms of the clcctne.d liypothcsis arc at jirosciit 
avoided, still it will be convcmeiit to denominate the /me, being the 
metal wluch dissolves 111 the acid, the active or jiositirc metal, and 
the copper, which docs not dissolve, the inactive or ncyatire metal 
of the voltaic circle 

Looking to the condition of the two coimctted metals m the acid, 
it will be observed that the surface of the zinc presented to the acid 
has zmeous afiimty, or is zinco-poiax, but tlic surface of the copper 
presented to the acid has, on the contrary, chlorous affinity, or is 
chloro-polnr. Such a condition of the copper is necessary to tlie 
propagation of the induction , and the advantage of copper or ^ila- 
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tmiim as the negative metal in a voltaic arrangemeut depends upon 
there being httle or no impediment to either of these metals assuming 
the chlorous condition, that can arise from the peculiar affinity oi 
the metals named for the chlorme of the aad , an affinity which 
tends to cause them to be superficially znicous instead of chlorous 
If the second metal were zinc, the surface of it would be disposed to 
dissolve in the acid, and becoming on that account znicous, would 
induce a poljri/ation m the intermediate acid iii an opposite sense 
from that induced by the first plate of zinc , which counter polanziiig 
actions would mutually neutralize eacli other. The acid between the 
two zinc jilates would be like a jiicce of iron coimectiiig two like 
magnetic poles, w'liicli itself is not tlien polarized 

But if one of the two zinc plates were less disposed to dissolve in 
the ticid than the other, from the physical condition of its surftice, 
from the acid being weaker tlicrc, or from any other cause, then the 
plate so situated might become negative to the otlier, and a voltaic 
circle of weak power be established, in which both metals were zinc 
Imjiii) itif of the zinc , — If zinc is alone in the acid, and every 
superficial particle of the metal equally disposed dissolve, then the zme 
everywhere exposes a surface m a state of znicou& polanty ; and a 
polar circle in the liquid, starting firom one particle of the zinc and 
retminng upon another, cannot bo established, as llus icquires that 
a part of the zinc surface be chlorous But if the zme contams on 
its sutfaee a suiglc paa^iclc of copper, a clilo- 
roiis pole 13 crtcitcd, upon which an inductive 
circle starting from an adjoining i>articlc of zinc, 
A, (fig 69), and passing tlirough the liquid, may 
return as slicwn in tlie figure It is the forma- 
Acidtion of such circles that causes impure zme, 
which IS contaminated by other metals, to dis- 
solve so much more quickly in an acid than the 
,pure metal Why such circles are not formed 
when the positive metal in combination with the 
zinc IS mcicury, wluch forms a flmd< allc^, has 
alreaxly been accounted for , and the nature of the evil winch might 
otherwise attend the amalgainatioii of the zinc is now evident. 

The whole chain of polar mulcqriles m the voltaic circle admits 
of a natural division into two segments, the acid or hquid segment 
BCD (fag. 68), and the metallic segment, A K F, each df which 
lias a pair of poles, the unlike poles of the two segments bemg 
opposed to each other. The pole at B of the acid portion is chlorous. 
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and IS opposed to the zincous pole at A of the metallic segment , 
while the pole of the hqiud segment at D is zincous, and is opposed 
to the chlorous pole of the metaihe segment at F. The distribution 
of polanty in these two segments is, therefore, the same as in two 
magnets with their unlike or attracting pole^ in contact. 

Such, then, is the action of afBmty by induction, which the mere 
introduction of zinc and copper m contact into the same acid liquid 
IS sulhciGiit to developc, and which accounts for the discharge of the 
hydrogen upon the surface of the copper m such an arrangement, 
the remarkable phenomenon by a description of winch this subject 
was introduced. 

Circh‘ With the connecting mre broken — It rcm.ims for us to 
apply the same pnnciples to explain tlie additional pliciiomen.i of the 
second case described, m which the coiiuectiiig wire, supposed to be 
of platinum, between the zinc and copper plates, is divided, and the 
broken extremities introduced into hydriodic acid (fig 68, pnge 215) 

Broken at any point, as at K, (Fig 68), it is evident tliat if the 
polarised condition be still sustained, the portion of the metallic 
segment connected with the copper plate will terniinatc with a 
/iiicous pole at K,' and that connected with the zinc witli a chlorous 
pole, which may be indicated respectively by K and L, in fig 70 


Fio 70 



When hyilnodic acid is interposed between K and L, the breach is 
repaired b_, the polanzation of a chain of particles of that acid The 
► extremity K, being zincous, mduces chlorous jiolanty in the side ot 
the hydnodic acid particle w'hicli it touches, in .consequence of which 
the iodine atom (the analogue »f chlonne) of the hydnodic acid 
molecule is presented to that pole, and hberated there when decom- 
imsition 'occurs. The extremity L of the zme or positive metal 
mement is* chlorous, and therefore mduces zincous polanty m the 
particle of hydnodic acid which it touches, and hydrogen (tJie 
analogue of zinc) is hberated there. The polanty m an induced 
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circle must necessarily be of equal intensity at every point m it, and 
being sufficient at A to cause tlic decomposition of the hydrocliloric 
acid, must also decompose the hydnodic acid between K and L, 
otherwise it is never established at A, nor anywhere else. 

In the present ariangtmcnt, the voltaic circle is broken into foui 
segments, or has four iiolar elements, every terminal pole of which 
IS 111 contact with a jiole of a dillciciit uaine , and the whole arrange- 
ment may bo f ompaicd to a circle of four magnets with the attractive 
poles in contact 


These elements are — Fust, 
the zinc plate or positive me- 
tal, A L, of which the end at 
A, 111 the hydroclUonc acid 
(llg 71 ), has ziiicous affinity, 
and the end faced wit^i plati- 
num at L, 111 the hydnodic 
acul, chlorous affinity. 

Secondly, the body of by- 
drochlonc acid, A F, between 
the zme and copper plates, of 
whu li the surf.icc at A, iii contact with the jiositive metal, has chlorous, 
and lli.it at 1 ', m contact witli the negative metal, /incous affinity 
'riiiidly, llie copper oi iii'gaiive inet.il F K, of which the cud at F 
ill llie liydrochloiic acid has cldorous adliiity, and that faced with 
pl.itimim ,it K 111 ihe iudnodic acul; zincous alhmty 

And fourthly, the body of hydnodic acul, K L, hotwecii the 
/iiieoiis and cldorous |)ol(‘s of the iieg.ativc and jiositive metals, of 
*'iliuli file suiface K, in coiit.ut with the neg.itive metal, is cldorous, 
.iiid the Miifacc Tj, hi contact witii the positive nicfal, zincous. 

In cveiy voltaic circle emplojed to produce decomposition these 
lour elements .irc to he loohed for llere.ifter, in .idverting to any 
owe of these elements, it will bo sufficient to eon fine our notice to its 
teiumial poLiiilies oi alhiiities, without recurring to the polan/ed 
condition of the elcinciit itself, upon winch its terminal affamties 
depend 
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rOMPOUICD VftLTAIC CHICLE 

In both the arr.aiigcmcuta de&cnbcd there is only one source of 
polarizing force, namely, the action between the zinc aiuH acid at A\ 
But a (iiclc of a similar nature may be constructed embracing within 
itself two or more of such primary souices of polarizing power, and 
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the mtciisity of tlic polar couditiou of the whole circle be tluTcby 
greatly increased. 

I’lgure 72 represents such a circle, m which there are two zinc 

plates^ both supposed to be m coiitart 
with lijdrochionc acid, namely at A 
and at C, and a copper plate attached 
to c.ich of these zincs The poloi 
condition of such a circle will easily 
be obseivcd By the contact of the 
.xcid and zinc at A, a zincous pole 
IS cstiiblished tlieie in the first zinc 
plate, and a chlorous pole in the 
which are so iiisenbcd in the diagram 'J'hesc occasion the 
loftnation of a chlorous jiolc at 1) in the first cojiper, tlie united zinc 
and topper A 1) forming togcthei one polar element, and a zincous 
pole at B in the acid, the column A B of acid being the second polai 
element The fuitlicr elfcct of the induction is to produce a chlorous 
[)ole at B in the second coppei, of which the corresponding zmcoiis 
jiole IS at C, in the second zinc , tlic united zinc and eoppci B C' 
forming togotliei'a tliird jiolar element And, as a last conseipieiicc 
ol the inducing force onginating at A, the eoluinu of acid between C 
and D iK'comes a loiirth polar element ol the ciicle, having a clilorous 
])olc at 0 and a zincons pole at D Now it will bo observed tli.it 
the chemical affinity between the acid and ziiic at C tends to ])roduie 
tile same polar conditions at that point .is .wc .ilieady established 
theie from the elleet of induction The evtremity ol the zme jilate 
at C IS ill f.ict zmeous, holli primarily and by induction, and tlie 
u(i(l 111 contact with it dilorons, likewise both priin.mly and by 
induction, and gciur.iliy, tliioiiglioiil (he whole ciicle, Uie jioJai 
coiuhtions deteimined by the second cheinic.d .u tioii at 0 arc the 

same as (hose determined by the 
first action at A 

Til the last arrangement, the in- 
ductive .ic(ioiis are in the same 
direction, and favour each other , 
but a circle may be constructed in 
nvluch the inductions, being in o])- 
jwsitc directions, opjio&c and neu- 
tralize each otlicr Thus if A U 
lliud (fig 73) be entirely zinc, both its 

extiemitics being exposed to acid, will tend equally to be zincous. 


ZlIU 
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Ill the same way, if 13 C be entirely copper, the condition of both its 
extremities will be clilorous, from the action of the acid on the two 
ends of the zme , and, consequently, the elements of such a circle 
could have no polarity 

A circle is represented ^n flg 74, containing three sources of pola- 
rizing force. consists of three alternations of copper and zinc sym- 
metrically arranged, and forming tluec 
polar elements F A, B C, and D E, with 
three acid columns between these alter- 
nations, which form three additional 
polar dements, A B, C D, and E F 
The number of alternations of copper 
and zinc with acid may obviously be 
increased to any extent, and the che- 
mical action of the acid on the ^anc in 
each alternation is found to increase in 
a marked manner up to the number of 10 or 12 altgriiatioiis. Tins 
increase of the affinity is undoubtedly owing to the favouring in- 
ductive action which the chemical actions at the diflcrcnt points have 
upon each other Such a compound circle may Uc compared to a 
luunbcr of magnets disposed in a cucle with their attracting poles 
together, of which each would have its magnetic intensity exalted by 
induction from sdl the rest When such a circle is broken at any 
point, all chemical action and polarization cease till contact is again 
made, and the circuit completed The pokanzation, too, being the 
result of a circular induction involving so many lims or chains of 
particles, cannot, when once cstabhshed, be more or less at any one 
point in the circuit than at others. Tlic resulting chenucol action 
must, therefore, be every where equal in the eircle, and consequently 
the same quantity of zinc be dissolved, and hydrogen evolved m each 
acid. 

If any mctalhc clement of tlus compound circle be broken, and a 
polarizable hquid be interposed between the metallic extremities so 
as to complete the circuit, decomposition occurs m that liquid as in 
the simple interrupted cjrcle (fig 70). But the polarizing influence of 
the compound circle being of lugh intensity, more numerous and 
difficult deconjpositions arc effected by means of it than by the 
simple circle The compound voltaic circle is indeed a dpnrn n pnsiTig 
instrument of great efficiency. 

If, in this arrangement, the position of one of the metals in the 
senes be reversed, so that a zme is where a copper should be, then, 


Fig 74 
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by the action of the acid on that zinc, polanzation ni the wrong 
direction 13 occasioned, which greatly diminishes the general polarity 
of the circle, reducing it in an arrangement of ten alternations to one- 
fourth, according to Mr. Danicll. ^ 

Voltaic battery — In the first of the two ann^ed diagrams 
(fig 75) is represented a compound circle, such as ra employed io 


Pig 7.’> 



produce decomposition, and called a voltaic battery, consisting of tliree 
acid jars, each of which contains a zinc and copper plate, and which 
are termed active cells, as they arc sources ol polarizing power, from 
the action of acid upon zinc which takes place m them 

In the second diagram (fig. 76), the same arrangement is repeated. 


Pig 76 



with the addition of a third jar, teAned the decomposing cell, which 
^ntains a^y binary polar liquid, with two platinum plates immersed 
m it. Each copper, it will be seen, is connected by a wire with the 
following zinc ; and, in the first diagram, the copper m the third cell 
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C" IS immediately conned cd with the zinc in the first cell Z by a 
wire, and the circuit thus completed nie polar elements in the 
circle of the first diagram, it will be found, die six in number , namely, 
the three acid columns between the metals in the cells ah, c d, and 
ef', and the three pairs' of zinc and copper plates, each of which 
pairs forms a single polar element, of which the surface of the zinc is the 
zincous, and the suifacc of the coiiper the chlorous polo. In the 
second diagram, one of these metallic elements Z C" is divided, and 
a polar liquid tf h, in the cell of dccomposilion, intcrpobed between 
the broken oxticnnties PI and lY To dsceit.iin the polar condition 
of 1 lie extremities, or the terminal platmum plates in the decomposing 
cell, it IS to be observed that PI' with Z forms one polai element, of 
which Z being a zincous pole, PI' must be a chlorous pole Again, 
PI with C" foiras one polar element, of winch C" being a chlorous 
])oIe, PI must be a zincous pole Now', the platinum plate‘> PI and 
JY, which are thus zmeons and chlorous, aie disjiosed m the decom- 
posing coll, m icgaid to one anothei, — the fust to the lelt, and the 
second to the right, <ia the zincous and ihloioiis plates (the zinc and 
copper) also arc arranged in the active cells It will be convciiiutl 
to distingmsh by names the poles whicli these terminal plritiiiiim 
plates constitute, as they aic much more frequently refeiied to, and 
of greater consequence than any other poles in the voltaic balteij, 
when used as aii mstiuraciit of decomposition, as it constantly is 
The chlorous plate J’l', winch is in connexion with a zinc plate Z, 
may he called the chloroid (hke ohlorme), and the zincous plate PI, 
which IS coniKHted with a eojijiei plate C", may be called the zimoid 
.(like zinc), — names whuh express the virtual propi ities of each jilate, 
or the particular attractive power and affinity which each of them 
acquires from its place in the circle 

M'hcu hjdiochloTie acid is tin' polai liquid iiitei posed between these 
plates, chlonnc is of course atti acted bj' the surface of the znuoid, 
and discharged tliere , and hydrogen by the fiicc of the chloroid, and 
discharged upon that plate On the clcctncal hypothesis, the same 
pl.iti s are variously denominated — •’ 

The cuu'oid as the positive pole, the positive electrode, the anodt', 
and the zincode • 

The cMo>oi,d as the negative jlole, the negative electrode, the 
cathode, and the platmode. • 

The cell of decomposition thus interpolated in the voltaic circle 
an obstacle to induction, and reacts on the whole senes, reducing the 
chemical action and evolution of hydrogen in each of the active cells 
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by at least one-tliird Tn that retarding cell itself, the amount of 
decomposition is necessarily the same as in the other cells Mi 
Darnell found the chemical action reduced to one-tcntli in a ‘^eiic'i of 
right active and two such retarding cells, and entirely stopped by 
tliree retarding to seven active cells 


OF THE SOLID ELLMEVTS OF THE VOLTAIC CIRCLE 

The elements of a Voltaic Circle aic obviously of two dilferenl kiinU 
— the metals or solid poitions, Ihiough the snhsl.iiite of uhidi die 
inieid induction is propagated uithout decoinposilioii , and tlie lu(uids 
111 the cells, nhieh yield to the nidiietion anil sulln deeoin posit ion 
liiJeferonfc to the fiist, it is to be ohsmed that, as only non mil 
one or other metals ot the same naluial family aie susecjilihle of 
raagietic pohuity, so the susreptihility oi dieniual polaiity wlndi 
apjioars in the v/iiltaic battery is not ])osse^sed by sohds ni griieial, 
but 19 confined to the class of bodies to wlutb /me belongs,^ — the 
metals, all of which jtossess it, with the addition of c.nbmi m I In 
form of charcoal,' and certain metallic ki1]jIiu1c5, inoic paiticulaily 
the sulphide of silver ulien healed AVc<ik solutions of the alkaline 
sulpliides, coiitamiiig an cveess of sulplun, <ilso .idmit of a fieble 
polajnty without undergoing dcromposihon Tlio non-inetallic c Ic- 
inents, with their comjiounds, the ovules and salts of the inct.iK, an 
destitute of this power, and eannot, therefore, be u^-id as solid 
elements of the circle A body avaikiblr for tins purpose is teriiud 
a utndHci<i} on the cleetiieal liy|)othesis, a name wbu li niai be le- 
taincd as it is not at vaiiaiiee with the lunetion assigned to tJie inetaU' 
in the eircle viewed as a cheiinco-polar arrangement Two ddfennt 
metals are combined in a circle, one of wdiidi is acted cm by the 
hquid, and, therefore, called the active or Ihe positue met.il , wliile 
the other is not acted ujioii, and is, therefore, cejied tlie iimctivc oi 
the negative mctsl, and it has already been stated, that the more 
easily acliAl on by the luiuul, or the more highly positive the one 
nietal, and the less easily ar-ti^d upon, or in.oie negative the otlii i 
metal, the more proper and cfiicacious is the eombmatuni In the 
following table sevcial of the m&tals are arranged iii^ the order in 
which they appear positive or negative to each otlicr, when acted on 
^ the acid fluids commonly employed in the voltaic battery J'Jach 
metal is positive to any one below it in the table, and negative to any 
one above it. 
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Mo'it positive. 

Potassium. 

Sodium 

Manganese. 

Zme 

Cadmium 

Iron 

Nickel 

Cobalt. 

Lead 

Tin 

Bismuth. 

Copper. 

Silver. 

Mercury 

Palladium 

Carbon 

Platinum 

Ehodmm 

Indium. 

Gold. 

Most netfaiive 

ZinCj nhich stands high m the liA,, is the only metal which can be 
used with advantage in the voltaic battery, as the positive metal 
Ah hough closely approaching zme in the strength of its affinities, 
iron IS ill adapted for the jiurposc, from the impossibility of amalga- 
mating its surface, the irregulanty of its structure, and certain pecu- 
liarities of this metal in reference to chemico-polanty Platinum 
forms an excellent negative metal, from the weakness of its affinities, 
and IS generally ngcd for the plates in the cell of decomposition 
fcjilver also is highly negative, but copper is the only negative metal 
which from its cheapness can be used m the construction of active 
cells of considerable magmtude , 

Voltaic proteetK^n of metals — But although the ditference 
between two^ metals m point ofsaffinity be very small, yet their 
association in the same acid alwnys gives a decided predominance to 
the affinity of the more positive, by causing the surface of the otkw 
to become chlorous, and therefore wholly inactive m aif acid fluiu. 
A negative metal may thus be protected from the solvent action 'bf 
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sabne aud acid liquids^ by association with a more positive metal , 
iron, for instance, by zinc^ as m articles of f/alminzi’d uun, ivbuli 
arc coated with the former metal The process is analogous to (lie 
making of tm-plate The surface of the iron (generally sheet iron) 
IS first cleaned from all adhering ovide by dilute acid then im- 
mersed in a weak solution of tin, with fiagnicnts of metallic tin, 
according to the improved practice of Messrs ]\ fore wood and lloger-', 
by which the non is covert d by a fdmof tin, to which /me is Ciqiible 
of adhering moie uuifoiirily tb.ui to an iron sin face The article so 
prepared is then passed oiict* through .i bath of inched zinc, of which 
the surface is covered by the fused thloriilc ol yinc aud .iminonunn, 
to protect the metal from osidatiou. It tliiis acq lines a smooth 
and beautifully crystalliyed coating of /me tVqiper is ])ioto(led by 
ntlicjf zinc or iron, ns w ns rcinaikably illust t ilt'd m the attempt made hy 
Sn II Davy to defend the copper shcalhing of slnps fiom coirosiou 
m sea-water, hy means ol liis s Tlies(« ueie small masses 

of noil or /me fixed upon the ship’s coppci, .it dilleieiil |)omts iiiulei 
the wmUt hue hliey complolely aiisweitd llie pmposi o| piofedmg 
the coppci, but uiifoitiinately gave use to ,i dt'jiosition of eaitliv 
matter uiioii that jnctal to w Inch baimcles and sea-wei'ds attachcu 
themselves, and tlicicby dinuiiished the faiihly of the ship's molioii 
thifough the water The more lecintsubstilution, by Mi Mind/, of 
an alloy of 00 ]j,uts of eoppei and 10 ot /ane, foi pine copjiei, lias 
proved moic successful Tii acting as a piolccting jiosilive imfal, 
zinc necessaiily undugocs eoiiosjpii, but moie shiwly tli.in might be 
expected On zinced .iitiehs wlmli arc cxiiosed to the .in only, aud 
not immersed in water, a him of suboxidc ol /me soon njipe.us, w liicli 
foims ahardcovciing,and juotcclstlicmctal below from fmthrreli.inge 
On the other hand, the injurious eHecl of associalion with a tin/u 
(lie metal is often accidciilally illustiated, as m (he conosion of the 
ends of iron railings, wlmharc fixed in tluir sockets by lead, a more 
negative metal In dye-coppcis, an non steam-pipe with a rose ol 
lead or copper is quickly deslioycd Some kinds ot exist iron undergo 
a rapid corrosion, wlien exposed to sea- water, file enibon ad mg as a 
negative body and ultimately remaiiiiug m the toi rn ot plumbago 
after all the metal lias disappeared ’ 

A weak voltaic ciicle may cve^ be formed of a single positive 
metal in an acid, as the zme A 11 (fi^ 77), piovided tlv\.*siirfaces of 
the metaU exposed to the acid at A and 11 arc in different conditions 
as'f^purity orinechaineal shiicture, and tlierefoii unequally actedupou 
by the acid , whereupon the pait hvist dispose d to dissolve beconu' 
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Tio 77 negative to the other A zinc plate may also bp 

z unequally acted on and thrown into a polar state, 

D from the liquid in winch it is immersed varying 
m composition and activity at different points 
of, the metalhc surface. A circle may thus 
be formed of one metal A Z B, with two 
liquids A E and E B, which merge into each 
other, and form together one polar elc- 
E ment A B. 

The tw o metals in a circle have generally been exhibited m metallic 
contact, and forming together one jiolar clement, but they may be 
separated, as arc the zinc and copper plates A D and C B in the 
diagram (tig 78), by two fluids, provided these fluids are such as a 
,^g strong acid at A B, and as iodide of gotas- 

O sium at D C, the first of whvili acta very 
powerfully on zinc, while the other "acts very 
feebly upon that met<il (unless ^sociatcd 
P with copper) , so that df the consequent 
opposing inductions, that onginatmg' at A 
greatly exceeds and overpowers that of D 
It 13 likewise necessary that the fluid D C 
be of easy decomposition, so as to yield to 
the polar power of the single circle In this arrangement, howcvei, 
it is obvious that the zinc itself forms a complete polar segment, ot 
which A is the zincous, and D the chjorons pole, and the copper also an 
entire polar segment of which B is the chloBOus, and C the zincous pole 
The preceding table exhibits the relation winch the metals enume- 
rated assume to each other, m the acid and saline solutions usually 
employed as exciting fluids But the relation of any one metal to 
another is not the same m all exciting fluids Thus when tin and 
copper arc placed in acid solutions, the former is most rapidly 
corroded and becomes the positive metal, according to its position in 
Ihe senes, but if tliey are put into a solution of ammonia which acts 
most upon the coppci, then the latter becomes the positive metal 
Copper is positive to lead in strong uitnc acid, which 'oxidizes the 
former most freely, ivliercas m dilute nitnc acid, by which the lead 
IS most rapidly dissolved, the lead is positive 


LIQUID ELEMENTS *OP THE VOLTAIC CIRCLE. 

With the view of simplifying the statement of the ciiculor decSlii- 
positions which occur m the voltaic circle, the exciting fluid has 
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hitherto always been supposed to be hydrochloric acid (chloride of 
hydrogen), and this compound is a fair type of the class of bodies 
which possess a polar molecule, and arc available for the purpose of 
bringing those changes into play The exciting fluid is always a 
saltne body in the general sense , that is, a binary compound of a salt- 
radical or halogen, such as chlorine, with a basyl, such as hydrogen or a 
metal The chlondeof coppcr,ehlonde of sodium, cldorideof ainmoinum, 
or the chloride of any otlier basyl, may be substituted for hydrocldoric 
acid, although not all with the same advantage, and the chlorides of 
basyls may be replaced by their iodides, sulphionidcs, (sulphates) 
nitratiomdcs, (nitrates) and salts of other acids, as cveiting fluids, 
provided they have the condition of hqmdity, whicli gives mobihty to 
tlieir particles, and permits that disposition of tlicm which is assumed 
m a^olar chain The hquids winch yield m the cell ol decomposi- 
tion are of the same nature, possessing always a binaiy polar 
molecule, although the liquid winch forms tlie best exciting fluid is 
not always the most easily decomposed in the decomposing cell 
The positive metal which is exposed to the exciting fluid always 
.lets in one way, displacing the b<isyl and combinnig with the halo- 
gen of that body<j in the manner the znic has been seen to liberate 
hydrogen and combine with chloniie, when hydrochloric acid is the 
exciting fluid The positive metal is thus substituted for a similar 
basyl in a pre-existing saline compound 'I'liat met.il may dissolve 
in another inanucr, by uniting dircetly, lor instanec, ivith free 
chlonnc or lodme in solution, but then no pohir chain is loimcd 
Particles of chlorine may extend from the /,inc to tJiu iisaociateil 
negative metal, but not possessing a binary inolccide they have no 
occasion to throw themselves into a polar chain in older to .ict 
upon the zinc, as the molecules of hydrochloric arid rec(uiic to do m 
the same circumstances. The [lartieles ol these free elements appear to 
be incapable of that polar condition, luivirig chlorous affinity on one 
side and ziiicous on the other, of which both the solid and 1i<|uk1 
constituents of the voltaic circle must be susceptible .Judging 
from the um/ormity m composition of exciting liquid-^, tin ir capacity 
to form polar chains depends on their consisting ol an atom of basyl 
and an atom of salt-radical, w'hich arc respectively the locus of 
zincous and chlorous affinity or pplarity Such molecules may be 
looked upon ns m a state of tension when forming a pare of a polar 
cha^ eaah about to divide into its chlorous and zmeous atoms M r 
Faraday had*established that all exciting liquids are binary comjioimds 
of single equivalents of salt-radical and basyl, or pt oto -compounds, 
such as hydrochloric acid itself, proto-chlonde of tin, &c Ollici 
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saline bodies whicli aic pet -compounds, sucli as bicbloriJe of lui, 
are not exciting or ]iol,Uj because, .is> may be supposed, tlioy arc* 
not naturally resolvable' into a chlorous and zincous atom, but into .i 
chlorous atom and auothet \aU , the bichloride of tm, for iiistdiico, 
into chlorine and proto-x'hloride of tin Certain compounds, ■which 
arc deficient in the saline charactci and not polarizable, such as 
chloride of snlphiir, and the hcpiid chlorides of phosiihorus and 
carbon, have been ennmerated as exceptions to this rule None of 
these bodies, however, is really a prolo-compouiid 

l^ie /me 01 po''itivc metal, loo, always forms a pioto-compoimd in 
dissolving, wlinli is .i saline body The orih'r of the cliemic.d 
changes in the cxciling llmd tlierefoie is as follows — The zinc in 
deiomposmg a binaiy compound and forming a binary componiul 
liberates an atom ot its own class, wlncli atom repeats the .same 
actions , snpjilving at the same time another atom of the same hind 
to act 111 the same maimer, and that another, from the vine to llu' 
copiier plate The combining bodies arc always a basyl and a fr.ilt- 
radical, and tlieiefoio only tw'o kinds of attract loi* or afUmfy aie at 
work llironghoiit tliG chain, those of ahasjl ami a salt-radical, the 
zineous and chlorous aHiinties 1 1 once, in lli» present subject ol 
chemical jiolantv, we have to deal with hut two attractive forces, tin 
ziiicous and the chlorous, asm magnetism with but two magnotie 
forces, tlic austral and the boical 

On the electiical bypotbesis, a bodv wlneli is tliiis decomposed in 
the active cells, or in the cell of deecMiijiosition, is called an elrrti ufijh 
(dccoinposahlc by clertiicitj), and this •kind of decomposition is 
disliiiguislied as The two elements of an electrolyte, 

whieli travel or are tiansferred in opposite directions, in its drcomjio- 
sitioii have been named lous (from going), tlic halogen wliicli 
travels to the jiosilive inet.d oi teiminal, the amon (going upwaids), 
and the basyl, wliicli is traiisfeiied to the negative metal, or tcrrmual, 
the catia,i (goni|£ downwauls) Stnctly chcmir.il expressions cijui- 
valentto the former would bo zuicoh^U- and zinco/psis, the decom- 
positions throughout the circle being referred to the affinity of zinc 
or the positive metal 

I lie characters of tlie two constituents of an electrolyte may be 
s lort y iiotned Ibo class of b^syl constituents is composed of the 
me n s in cir order as positive metals, beginning with potassium, 
M ermmatiiig w ith mercury, platinum, and the less oxidable mctiils 
Ammonium has a claim to be introduced high m iius list, and 
should probably be accompanied by the analogous basyl of the 
aniline class of bases and of the vegeto-alkalies, although in respect 
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to the decomposition of their salts in the voltaic circle, wc liave 
little precise information Hydrogen likewise finds a plarc iiLdx 
copper m this class 

At tlic lic<xd of the halogen constituents of clcttiol^tes inaj be 
placed iodine and the other meinbcis of the chlorine family. Tlicse 
arc followed by the halogens of the sul]iliatos, nitr.ilcs, carbonates, 
acetates, and other oxygen-acid salts Sidphui niu^.t be allowed to 
follow the last, as the salt-radical of the soluble sulphides, and the 
lowest place be assigned to oxygen, as the salt-ratheal ot the soluble 
melallie oxides, of oxide of potassiinn, loi iii^tanee, and of water It 
IS unusual to speak of oxjgen as a salt-iadiCid, and of eaiislic potash 
.iiid water as salts, but the bin.iry tlicoiy ot salts recogni/es no 
cssenti.il diffcicncc het\vc<-n the cldoride, snlphioiiide, .ind oxide of 
a bjisyl, the oxide being coiiiiccled with the nioic bigldy saline 
eoinpounds thioiigli the suljiliidc, nid the list of salt-iadicals foinuiig 
a contiimous descending scins funii iodine to ox}g(‘n 

Tin facility of dt coinposilion of dilhiinl dcctiolvles apjicais to 
depeud more upon the lugli place of tlun -alt ladical, tliaii upon the 
nature of fhcir other constituent Tlie lotlidt's, for iiislaiue, us 
iodide of potassium and li^dnodic acid, aie the most lasily decom- 
posed of all salts, yielding to the polar inlliuiue ot the single ciiclc 
Then follow the chloiuhs, — cldoiidi ol had, Insed b} heal, yii Idiiig 
to a veiy modciate powei Aftoi these the salts of strong oxygen 
acids, such as sidph.iles and niliatcs cilhei ol stioiig base's, such as 
potash and soda, oi of weak basOf, such as oxide ol co])p»i and w.iler 
(the hydrated acids are such salts) T'he caihoii.ites and .uet.ites, 
which have much weaker s.dt-iadicals, aie still less easily decomposed, 
and finally oxides aio dciomposcd with gie.it dillieully AValci 
itself IS polaiized with such extreme diffn ulty, and decomjiosed when 
.done to so immite a degice, even by a pow'cilul b.ittery, as long to 
havp left its claim unceitam to be coiisidcrcil an ehcliolyte, when in 
a state of purity. 

Widely as the inoie chaiactcnstic halogens and b.isyls difler, still 
the classes i^ass by imperceptible gradations into cac h other, and form 
, portions of one great circulai series Mercury and the more negative 
metals, although cle<iTly basyls, appear at times *to assume the salt 
radical relation to the highly positive metals , such a character is 
evinced in mercury, by the energy i^ith winch it umlesr^vith sodium 
a^Japoiwsiam, and by its function in the amalgamated zinc plate of 
the voltaic 'fcircle So that the salt-radical or basyl character of a 
body IS not absolute, but always relative to certain other bodies 
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Tlie addition of a salt or acid, even in minute quantitj^ to water 
in the cell of decompositionj causes the copious evolution of oxygen 
and hydrogen gases at the zincoid and cliloroid, and is therefore 
often spoken ot as fiicililatiiig, by its presence, the decomposition of 
the water, in some way ««"hicli cannot be explained But the pheno- 
mena are unattended with difficulty on the binary theory of saline 
bodies "When sulphate of soda exists m the water of the decom- 
posing cell, it may be sulphionidc of sodium which is decomposed, SO4, 
the sulpliatc radical being evolved at the zincoid, and sodium at the 
chloroid But the sodium having a strong affinity for oxygen reacts 
upon tlic watci at Ihc pole, foiming soda and liberating hydrogen, 
whirh therefore appear together , while SO4 having, as a high sdt- 
radical, a pow'ciful affinity for hydrogen, likewise decomposes water, 
and thus evolves oxygen, which, with a free acid, apjiears ah the 
zmcoid. A solution of chloride of sodium is dccomp'osc^ 111 the 
same manner, its clcincnta cliloiine and sodium being attracted to 
the zincoid and cliloroid respectively, hut neither of these elements 
appearing as such ]loth dccomp(^e water, and thus produce oxygen 
with hydiochloric acid at the zincoid, and soda with hydrogen at the 
cliloroid It has indeed been ascertained that Uic polar influence 
wluch apparently eftects two decompositions in these circumstances, 
namely, that of water into oxygen and hydrogen, and of a salt into 
its acid and alkali, is no more in quantity than is necessary to 
decomjiose one of these bodies, the ( irculating power being measured 
by tlic (juaiility of fused chloride ofl>lcad decomposed in another part 
of the cireuit (Daiiiell) There can be little doubt, then, that only 
one binary compound is immediately decomposed, and that the two 
• sets of produds which appear at the terminals aie the results of 
secondary decomposition. Indeed, the decomposition of salts in the 
voltaic circle is supposed to afford considerable support to the salt- 
radical theory of these bodies (page 186 ) 

Certain salts form a polar chain, or conduct, without undergoing 
decomposition, in a way which cannot at present be explained, par- 
tieiilarly the iodide of mercury and fluonde of lead, both fur ed by heat 
According torcccntobservations of M Matteueci manyotherfused salts . 
coni net to a greatet extent than is indicated by tlieir decomposition. 

K econdary decompositions ^ — products of voltaic action arc 
frequently the secondary character just described, the ortginal 
pr uc s eing lost from their reaction upon the liquid in wMfch-'thpy 
are produced, or upon the substance of the metaUic termihals. Thus, 
salts of the vegetehle acids often afford carbonic acid, and salts of 
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anunoma nitrogen^ instead of oxygen, at the positive terminal or 
ziucoid ; the oxygen hberated Living reacted upon the combustible 
constituents of these bodies Kitrates, agtun, may afford nitrogen, 
or iiitnc oxide, at the negative terminal or cliloroid, in consequence 
of the oxidation of the hydrogen evolved Micre. The nascent con- 
dition of the liberated elements favours sudi secondary actions 
When the zincoid is composed of a positive metal, such as zinc 
itself or copper, the chlorous element is absorbed there, combining 
with the metal The decomposition of a salt is also then much easier, 
the action of the circle being greatly assisted by the proper affinity 
of the matter of the ziucoid for a chlorous body Indeed, when 
two jiieces of the same metal communicate by means of one of its 
salts, the phenomena aie the same as if the inetrillie circuit were com- 
plete (Faraday) Insoluble sulphides, chloiidcs, and other compounds 
of a posdivC metal acting as the zincoid, have thus been slowly pro- 
duced in a single circle m ilh a weak exciting fluid , which product shave 
exhibited distinct crystalliuc forms, resembling natuial minerals, uot 
otlicrwise producible Jiy art Tlic hydrogt'u evolved upon a jilatmum 
cliloroid, immersed in the solution ol a copper or iron &<dt, may also 
reduce these inetJs upon tlic surhice of the platinum, in tlie lorm of 
brilliant octahedral crystals. In the active cells themselves a secoiidajy 
decomposition is a])t to occur, the liychogcn evolved decomposing 
the salt of zinc which accumulates in the liquid, and occasioning a 
deposition of that metal upon the cojijier plate , an occurrence which 
may determine an opposite polai-ity, and cause the action of the cii cli' 
to decline Ilut on disconnecting the zinc and coppei jilatcs, the 
foreign deposit upon the latter is quickly dissolved off' by the acid 
The inconvcmciicc of this secoud.uy dccoinposition in the exciting^ 
cells is avoided by dividing the cell into tno coiiipailmcnls, by a 
porous plate of earthenware interposed betw ceii the zinc and copper 
plates The salt of zinc lormed about that metal is prevented from 
diffusmg to the copper, by the diaphragm, although it allows, from 
its porosity, a continuity ot liquid polar molecules between the metals. 

Two jp^lat liquids sejianiled hy a jmtous diaphiagm — ^Thc 
hqmds on either side of the porous division may also be dilferciit, 
provided they have both a polar molecule Thus, m fig 79, the 
polar chain is composed of molecules of bydrocldonc acid, extending 
from the zme to the porous division at a , and of molecules of clilondc 
o^^pper, from a to the copper plate. When the Cl of molecule 1 
unites witlf zinc, the H of that molecule unites with the Cl of molecule 2 
(as mdicated by the connecting bracket below), the H of molecule 2 with 
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the Cl of molecule 3j the Cn of molecule 3 with the Cl of molecule 1-, 
<uul the Cu ot this molecule, being the last in the chain, is depositcil 


1. 1. 7‘J 



upon the copper plati Dilute sul])hunc .icid, m contact with an 
iiiruilgamatcd /me plate, .uul the same acifl lliiul saturated with sul- 
phate of coppd, in contact with the copjiei plate, ?trc a combination 
ot Ihuda ol most Irccpient application in such .in .irmngemcnt, the 
loimation of sjuall <r,is bubbles uj)on the negative [i’ate, which makes 
its contact with the .icid lluid impcilect, js .ivoided, .nul the smfacc 
of that plate is kepi clean ,ind entirely imtallic by tlic cousttUit de- 
position ot trcsli copper upon il The copjiei is dejiositcd m a 
colieiciit state, .uul fonns a plate, wliuli in.iy be stnppcd off fiom 
tlic oiignial copper alter attiiiiiing an^ desired degiee of lluckiiess, — 
and picseiits an e\.ict impiession of the suifecc of the latter In the 
opu.ition of cleituilypuit/j tlie article to be copied is so placed in .i 
• i upper solution as the iieg.itivc plate of a volt.uc pair, being lust 
m.idc conducting, if not metallic and alie.idj so, by lubbmg it'' sur- 
lace over with fine plumbago. AVith a negative phatc of jilatiiium, 
undiluted nitric .icid may be used m the pl.ice of the acid solution of 
copper m the last air.ingc nient, with oil of vitiiol, diluted with four 
or two times its bulk ol water, about a positive plate ol am.ilgamated 
zme The pokii molecules will he, on the binary theojy of salts, 
KOg-plIj in the former, .ind SO 4 + II, in the latter flmd The 
Ji}diogcn IS also hertf entirely suppressed at the negative plate, 
uniting with the lifth equivalent ^f oxygen in mtnc acid to form 
water, wIucIms attended with the evolution of jicioxide of nitrogen, 
NO^, The solution ol the zinc, with such an arrangement ofvflijj^, 
•ipjicar? to give the most intense polarization that can be Attained 
Apiihcutiou' oj the ioltaic cotle to thcmical eynlhceis , — 
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The liquid in the decomposition roll may be divided bj a poioiis 
diapliragm placed between the platiimin plates, which lorra the 
ziiicoid and the chloioid in a similar mamiei, and ilic ^jiitliLlK.il 
results of the voltaic action be had moio readily apart from each 
other With a solution of chlorate of potash between Ihe plates, 
]t IS found that tJic ovygen, instciMl ol being evolved at the poM- 
ti\e iiole as gas, is eoinmiinicatcd to the chloiate of potash Ihcie, 
and converts it into perchlorate (Bei zebus) In a solution ot 
clilonde of jiotassium, even when icndcrctl and b^ suljdiuiic acid, 
(hlorate, and aftcrw'ards peichloiate of potash wcic foiiiul at the 
positive ])ole (Kolbe) A concentrated solution of chloiidc ot lUii- 
iiimiium evolves lijdiogcn at the iiegiitivi' pole, but neither oxygen 
nor eliloriiie at Ihe positive polo But the suilhce ot the platinum 
plate lepiosenting the Litter ])ole is emeted witli small, jellow, oily 
diops of chloride of nitiogen, whidi, as snoti as the two poles are 
bifiiiglit into coiitai tj (let oinpose with evpIoMcm (kolbe) A solii- 
(leii of- the yellow [)rii"'iate ot ])otasli is (oiivnted into the icd 
jniissuile bj the action ot the owgni .it the positive jiole (Srnee) 
Ih Kolbe OMili/nl the cv.nudc ol ])ol.issium in the same maimer, 
<111(1 ronvcited j( 'into cj.ni.ite of potash, but did not snuced in ob- 
t.iinnig a perejanate nor did he sucoenl in foiming a lliior.ite ot 
])()tas]i from the lluondeof potassumi by tlu' same means * 'I’lii de- 
composition of ,1 ( oneenti.itcd neutial solution of v.dcii.inate ot potash 
m the cold g.ivc a gaseous taibo-h}diogen, Uy, of double the 
density ot okfiant gas, and vvbai appealed ti) be a new etlur, ron- 
t.iiiiiiig Cj 1 less than 111113 In etlici yucb ti.instoim.itioiis trom 
the seius of one alcohol to that of aiiothci .11 e of gic.it importanee, 
and the attaining them bv volKuc action Inglily iiilen sling Six 
p.nrs of Bunserds f'aibo-/iiic batleiy wi re cmplo^nl 111 these decom- 
positions, and tlic action (ontiuutd lot scveial d.ijs |- 

Tifdi'-Jitenteitf Ihr nms — ^AVitli a double (li.iphiiigm cdl, in winch 
the liquid between the poles was tlividcd into tluce jioitioiis, M('ssis 
D.iincll and Miller were enabled to make some singular oljserv.itinns on 
the transfe.j' of the 10ns and their aconiniilation at the poh's Wilh a 
neutral salt ot the polassnim t.imily (siieli as sulphate of soda), for one 
equivalent of salt decomposed, halt an ccjuiv.ilent of free acid is added to 
the division ot the cell cont.nningiheiiositive jiole, and half an cciniva- 
lent of flee alkali to the division cijntaining the negatt^ pole — llie 

* Mcinoiis oi the Chcmiiai btxiety, vol in \i 287 

i Ivulbc, i 6 c{/ p 373 
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amount of transference which the polar decomposition requires : but^ 
with a salt of the magnesian family (such as sulphate of zinc), while 
the acid travels as usual to the positive pole and accumulates there, 
no corresponding transference of oxide of zinc t^cs place in the 
opposite diri'ction This seems to imply that water travels, as base, 
instead of oxide of zinc. All the magnesian salts retain one equiva- 
lent of water very strongly ; and, in the polar chain, probably assume 
tins water as their base, so as to become equivalent to hydrated acids 
in solntion In the deeomposition of salts of oxide of ammomum, 
the ammonia also ajipears jiassivc, and docs not move towards the 
negative pole, although the acid of the salt travels as usual towards 
the jiositivc iiolo The water, which is essential to the salts of oxide 
of ammomum, a2)pears to he here again the base which travels , and 
in a iiolar rliam extending tluongh a salt of ammonia, such as •the 
sulphate of ammonia, we have probably sulphate of water As the polar 
molecule, the ions being SO4 and II, not SO4 and NH^ * 

Volta tc endo'^niohc — It was first observed by Mr Porrett, that in 
the decomposition cell, duidcd into two chambers by a permeable 
diaphragm of net bladder or porous earthenware, the liquid tends to 
jiass from the chamber eonlamiiig the positive terminal plate into 
that containing tlic negative terminal, so as to rise at times several 
inches in the latter above its level in the former (Annals of Philo- 
sophy, ISIG) This ac( iimulation of liquid at the negative pole is 
only considerable nitli liciuids of an infcuor conducting power, that 
13, of diflleult decomposition, and is«greatcst in pure water. 

Tlic transfer takes jilaco of a large quantity of water with the 
hydrogen to the negative pole, as if the ions were O on the one 
’side, and H-f Water on the other. In a polar molecule, such as 
this imjilies, nc must have an aggregation of many atoms of water 
forming one compound jiolar atom Let us suppose six atoms of 
Avater a'^sociatcd Ilf, , t lie poLir molecule will be Ilg O5 -f O, in 
wliicli llg O5 is tlic basy], and O tlic salt-radical. Taking advantage 
of tne graphical representation of such a compound molecule by a 
pol.ir formula (yiage 201), m which the letters exhibit tjic relative 
position of the constitiitcnt atoms, we have 

M ' ■ 

12 3 4 5 6 

Positive Pole 0 0 O iQ O O Negative Polo. 

H 11 11 11 if H 

* Professors DameUand MiUcr, “ On fte Mectrolysis of Secondary Compounds,’* m 
the FhilosopliiCJil Transactions, 1844 
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The oxygen 1 is alone attracted by the positive metal or pole with 
which it 13 111 contact, while hydrogen (1 ) being so fat relieved from 
the attraction of its own oxygen, comes under the influence of oxy- 
gen 2, 3, 4, 5, and 6 As tlic salt-radical O (1) separates we liavc 
thus the temporary formation of the basyloils atom — 

0 0 0 0 0 O5 

H II II H II II’ He’ 

But instead of involving six atoms of wafer, as in tins lUustratioii, 
the compound polar molecidc may embrace hundreds or thousands. 
It will always be represented by !!„ 0„_i-|-0, II„ 0„_i being the 
basylous atom wliith is tiausfcrrcd to the iieg.itivc pole, and O the 
salt-iadical atom which is transferred to the jiositivc pole It ap- 
pcajs to be by a polan/ation of this sort tliat, m bad conductors, 
mass comjitnsatos for conducting power, as m the return current of 
the electric telegraph through the earth, where the resistance is 
found to he even Lss^^than in the metallic wires, iiidecd, quite m- 
apprcciahle 

It IS found by Mr. J Napici that the passage of a salt witliout 
decomposition, sisch as sulphate of copper, fiom the positive to the 
negative division of the decomposition cell, may take place inde. 
pcndeutly of the w alcr lu which it is dissolved, and to a greater 
proportional atnouut (Mem. Clicm. Soc 11 28) Tins unequal move- 
ment of the salt and w ater proves that the phenomenon is not siini>ly 
a flowing of the Inpiid towaids-Alic negative pole, and it allows us 
to suppose th.it an aggrogalc jrolar molecule may be formed of many 
atoms of a salt, as well <ts of iv.iter It is only 111 dilute saline so- 
lutions that the voltaic endosmose is perceptible. 


VOLTAIC CIRCLES WITHOUT A POSITIVE METAL. 

If we dip together into an acid fliud two pl.ItimiTn i>latcs, one 
clean, and the other coated with a film of amc or highly positive 
metal, we have the speedy solution of the positive metal by the usual 
polar decomposition, and liydiogcii transferred fo the opposite platinum 
plate It appears that hydrogen , sulphur, phosphorus, and various 
other oxidable substances, will ongpnatc a polar decosapositiou m 
wa*^'3»-«r a saline fluid, w'hcn associated with platinum, in the same 
manner as'lhe zme is 111 the last expenment , and circles may thus 
be formed withoutn positive metal. Thcnon-metalhc but oxidable elc- 
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meiitb cimmoratcd cannot be substituted lu mass for zinc or the 
positive metaJ, because they are non-oomluctors , but in the tliiunest 
lllms they are not so, if we may judge from experiments of tins kind, 
and become quite equivalent to metals rartber, with chlorine or 
any other strongly halogtnous clement dissolved in water, and placed 
in contact with one of the platinum plates, while the other is clean, 
we may have a polanzation originating with the rlilorinc, and causing 
the transfer of the oxygen or salt-radical of the iiiteri) 0 ‘>ed water, or 
''.dine fluid, to the clean jilatiiiutn Nothing hke this is witnessed 
in the \oltaic combination of two metals, it is cciim.ilcnt to an ac- 
tion in which the copper or negative metal oiigiiiatcd the polariza- 
tion by its affinity for the h)diogcn oi basylous constituent of 
I lie polar liquid 

1 Nl'ith hjdrogen gas dissolved in the acid lluid of one chamber 
of the divided cell, and .iir or oxygen in the oilier, polaiization oc- 
curs on uniting the platinum plates, attended with the oxidation of 
the liydiogeii .uid disapjie.ir.uue of both gases (tlchonbeui) A^iew 
ing this arrangement as a sim]dc ciicle, consisting of a liquid and 
met, illic segment (page 24 5), we hive to consider jiarticularly the 
coin|)usition of the teiminal polai inolet ides at either end of the 
niet.dlie segment — platinum witli hidiogen must foiin the one at 
the positive ])ole, and pl.itirnim with ovjgeii the othei at the nega- 
tive pole — 

(1) rt IT O Pt 

— -h acid — -I- 

These aie equivalent to the external inolecnles of the two metals, 
/me and eoppci, in tlu' usual voltaic aiiaiigemeiit, winch are composed 
111 that case of two .iloins of /me on the one side, and two atoms 
ol fojipci on the otlici (lig bS, page 245) — 

/ai /ai Cii Cu 

— + acid — -f 

I li" peculiar supcuoiity of platinum, as the single metal, in ai- 
r.mgemeiits of the pieseiit el.iss, depends upon its strictly ijjtenncdiatc 
iliaiaiter hi tween basjls and halogens, so tliat it lends itself to form 
.1 polai bin.irv niolecnlc equally with hydrogen or oxygen in (1), — 
with both basyl and salt-radical 

fllic interiilcdiate liquid (the acid) must be a binary compound as 
iisiuil Here the positive hydrogen combines with the salWijdlcal 
of that binary compound, and sends its hj drogen or basyl t(>the second 
or ojiposite plate , while the oxygen at tliat plate decomposes the 
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IniiJiry liquid also, sending back «)\ygtn or salt-iadic.iUoilicli\diogcii 
c)l the first plate. There are, tlicroloic, two coiuuiimg ])ol,uu,ition6i 
in every polar chain, tending to bung about simultaiicously tli(> v.iitie 
combinations and decompositions throughout the circle hjdiogc'n 
enters into combination on the one side, oxygen on tlie other, ni 
one and the same polar chain The union of concurring pinn.iiv 
zincous and cldorous polarizations, exhibited in such an .iriaiigcincnt, 
offers a new means of increasing polai intensity, entirely (hllVieiit 
from the multiplication of couples in the compound circle, ol ulnch 
the application will be f idly observed afteiwaids ni llie nitiic and 
hattciy of Mr (Jro\e The tcmporaiy lombinalum of Indrogeii 
w'lth copper, the former as the bastions and Ihc; Liltoi as llie li.ilo- 
genons clement of one polai moledile, which it is neecs'^aiy to as- 
sunje 111 explaining the ciiculai polai ily of (he ouhiiaty \ olt.iie riiele 
(page &10), is qiute ni .iccord.ince with tlie lelalioii of hydiogoii to 
platmuiii in the piesi iit cncles 

2 A circle of still higher powei i-, foinii'd willi eliloiiue gas dis- 
solved iii the iiiljativc ehainbei, agaiu'-t hidiogen iii the positive 
ihamber ot the divided cell Here the tciimiial polai molmihN o( 
till metallic segment aic — 

(3) Pt 11 Cl Pt 

— + — + 

3 luflominatidu of mn<d hi/ilioi/iit and onji/oii In/ fdaUnani 
— Tlieie IS cvei> leAMiii to l)iUe,ve tJiat tlicreniiiikahle artioii ot rliaii 
platiiiiiin, both m the lonii ofaplatcaiul of platiiiiini ‘.poiige, in ilis])()> 
iiig a mixline of oxygen and hydrogen in the g.i'-ioiis state to mule, 
IS the same m natuic as its action upon tliese i Icinciils Ji(|uc lied <md iii • 
solution ill water Intliefoiiiui, asm tlu latlii ra‘?e, a polai c liaiiimiiM 
arrange itself ni t!ic platinum inas«, of which one tciiiiiiial molecule 
IS })latnn(le of liydrogcn, and the othei oxide of ])lalirium (1) A li^-s 
eerlam point !*<, whetlni the chain is coiujileted l>y the nitiTposilion 
of a hniaiy mc'lccule of walei already formed, between the polai 
H and () or these atoms come immediately into cont.ict, and dose 
the circle, without tin nitervculion ol .my compound polar molecule 

4 Gas-baitrn / — The gas-haltcry of Mr“(jro\e belongs to this 
class of voltaic arrangements IJis essentially an apparatus in wliio'i 
a supply of both negative and positive gas is kept evser the h<|uid 
at oah plate, to supply loss by absorption A simple cirdi consists 
of a botthi (fig 80 ) coiitaimiig a dilute acid, with two tulii-s filled 
with oxygen and hydrogen resjx’ctively, and plaeed in two ojir'iJ- 
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ings m the bottle. The platinum Im 80 

plates contained in these tubes are 
made rough by adlicnng reduced 
spongy platinum, which enables 
them also to retain the^better on 
their surface a portion of the acid 
fluid into which they dip The 
two plates are connected by a wire 
above tlie tubesj which la repre- 
sented in the figure as earned round 
a magnetic needle, to obtain evi- 
dence of poLinzation in the wire 
Here, as in ( 2 ), the gases only act 
when in contact with the platinum 
surface and taking a part m the 
terminal polar molecule, and also 
when covered by liquid, which is 
necessary to complete the polar 
chain between the terminal polar 
molecules on each side. Tlie gases 
in the tubes are supplementary, 
and do not take a part in the polar 
chain, flic modifications of this battery, where, iiisti'ad ot hydro- 
gen gas, sulphur or phosphorus, vaponzed m nitrogen gas, or a 
gaseous hydro-carbon, is placed at the positive pole, arc of the same 
character, and only act by supplying a film of an oxidable body, 
such as sulphur, or phospliorus, to the surface of the platinum, 
* capable of forming the jrositive element of a polar molecule with 
that metal Tins, again, must be covered by the binary acid fluid, 
in order to communicate by a polar chain with the oxygen of the 
terminal molecule of platinum and oxygen in the negative chamber 
of the divided cell.* 

5 Closely resembling these circles is that in which one of the 
platinum plates w covered by a film of peioxide of lead or peroxide 
o manganese fhe platinum plate may be so prepared by making 
It the negative lermmal^for a short time in a solution of acetate oil 
lead or of prot^ulphate of manganese In an acid fluid, wbch is 
capa e o ditisolving the protoxide of lead or manganese, polarization 
occurs, e excess of oxygen of Vhe attached peroxide forming^^gth 

* Grove. On the G« Volta.e Battery Pluloaoplucal Trananct.ona, 1843 end 1846 
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platinum a polar molecule, m \ivbich the oxygen la the chlorous 
element. This decomposes the saline molecule of the acid, or atcr, 
causing the transference of the salt-rachcal or oxygen to the clean 
platinum plate, where it may be evolved as gas. This most ncaily 
resembles the case with chlonnc — water at qne jilatinum plate, hieli 
causes the evolution of oxygen at the other platinum plate , the only 
source of polarizing power in the circle being a chlorous affinity 

6 . By much the most powerful voltaic arrangement of tins class is 
that m which one chamber of the divided cell is charged with a 
solution of sulphide of potassium, and the other chamber with strong 
nitnc acid.* Here we have two concurring sources of polarization m one 
polar cham, namely, the affinity of siilplmr for oxygen, tending to 
transmit hydrogen m one direction, and the easy decomposition of 
nitnc acid into N O 4 and O, supplying oxygen to the surface of the 
platinum, "which sends a chlorous cleini'iit m the opposite direetion 
The terminal polar molecules of the metallic segment of the circle are — 

(4) Pt S O Pt 

• — + _ + 

With a single pair of plates so charged water may be decom- 
posed. The action is equally powerful with chlorine substituted for 
the mtne acid. Such combmations of fluids may bo greatly varied 
all that is necessary is an oxidable siibstanrc at one plate, and an 
oxidizmg substance at the other In the first class are protosalts ot 
iron, tin and manganese, sulphides, sulphites, hyjiosulphitcs , in tlie 
second, chlonne, nitnc, chromi's and manganic acids, and persiilts 
of iron and tin. Taking protoxide of iron against peroxide ns an 
example of these cases, the terminal molecules of the metallic segment 
may be represented as — 

(5) Pt Pe . . O Pt 

— + — + 

It IS true we have no evidence of the actual separation of the iron 
or ot the oxygen upon the platinum surface , still there is reason to 
believe such a polarity to be estahbshed, assisted tiy M*cond<iry afliiii- 
ties , the qicygen of the protoxide of iron passing over to an adjoining 
double molecule of protoxide, and converting it into peroxiui*, to 
allow the metaJ to join in a polar molecule With the platinum At 
the same tune, the peroxide of irqp at the negative plate may become 
protoxide, while its oxygen is engaged m forming a pdar molecule 
platinum But the intensity of polarization with the salts 

I 

* Mr A H Amott, on “ Some New Coses of Voltnio Action Memoirs of the 
Chem Sac 1 142 
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of iron against cacli other is feeble compared with that of chloniie oi 
mtne acid against an alkaline sulphide In all.these cases the polar 
circle must be comphted by a saline comjiound in the lupiid or 
liquids, winch may serve as tlic metins of connecting the terminal 
moleiiies described of, the pLdinuin plates, and by meUllic poLu 
molecules through the wiie connecting the platinum plates 

It was siijiposed by M Bcequeiel that a cuclc of the present, 
description inciy ho formed in which the alliiiities arc those of an 
acid for an .dkali the and and alkaline solutions being scpaiatcd by 
porous b.ikcd clay, whieli leaves them iii free lupiid contact, altliougli 
their actual mixture piocccils with cxticrae slowness bulphunc 
and and potasli, how o\n, arc generally admitted to he nearly oi 
altogellur incajiablc of producing this cllect, while acids wlinli paii 
readily w'ltli oxygen, sntli as iodic, chloric, chromic, oi mtiieacid, 
witli an alkali, jirodnre a powcifiil ellect The polan/at ron^ may be 
refcired to the oxvgen ot flic acids, in these Li'-t e.iscs, at thenegatue 
terminal, and is a ihloioin aninity It may possibly be ol ten assisted 
by mmnte quantities of ammonia, organic or otluT'o\nli/ciblcm.ittci, 
at the positive toimiiial in tlic alkaline solution * 

Thooiehcul tonwhnahons — ^The facdity wiWi winch ciicnlar 
deeompoxilious take place, and the necessity of tlicn occurreiue ni 
the .idion of biiiai^ com|)ouuds, whuh was cx])lained under tlie 
atomic cxlulntioii of a iloublc decomposition at page 2!3!), aic un- 
doubtcdlv the key to tlie gie.it stimnlns to cheiuir.il activity, 
winch the voltaic .irtaiigement affowls Kcvcitmg to tlic original 
illustiation of the action of liydiochloiie and upon zinc, it may bo 
observed tliat /me has a stiong attraction for clilorine, and would 
romhme at once with tliat element if the Litter weie free, without 
foreign aid of any kind But with the chloiinc of hydrochloiic acid 
the case is ihffeicnt That (Idonuc is .dieady combined and stroiiglv 
retnmedby its owni hydiogeu to enable tlie rbloriiio to enter into a 
new combination w'c must relieve it fioiii this attraction, by engaging 
otherwise tile alUiiity of the hydrogen The contiivancc of the vol- 
taic urclc is to piesent .mother halogen to the hydrogci^, and thus 
divert its aflmitv from the ddormc — the lattei being thereby left free 
to combine with the zinc Tins requires a train of similar decompo- 
sitions passing round a circle to th^- zinc, illustrated m diagram CS 
of page 2 1 5*7 and which •rithi in lelicving the external combining 
atom of zinc from the attraction of evTii tin* contiguous atoin^attlie 


llirqucrrl, Elements il’Elcetm CliiiiiK’, 1811 
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same kind ; thus dissolving the attraction of aggregation in the 
metdl, and resigning the external atom of zme entirely to tlie attrac- 
tion of the equally relieved chlorine. It is entirely, therefore, because 
the agent apphed to the zinc is a binary compound, and not a free 
clement, that this circular mode of action is fteccssaiy. 

It IS to be remarked in explanation of the facility with which the 
mutual combinations and decompo'niioiis in a circular chain occur, 
that they do not necessarily consume any power or occasion w,isU' of 
force. They may be compared to the movement of a nicely balanced 
beam on its pivot, or the osciUatioii of a pendulum, in which the 
motion IS ecjual in two opposite directions, and requires only the 
mimmiim of effort to produce it. 

Farther, it is not to be supposed that zinc dissolves by a circular 
actioit of affinity, only when a negative metal is attaclied to it, and 
a voltaic rjrclc purposely constructed. For tins positive mctid never 
appears to dissolve in hydrochlone acid in any other manner , the 
formation'of little polar circles in the fluid, staiting from one point 
of the mctallie mass and returning upon anotluT, being always re- 
quired for its solution (page 268). In the solution of zinc, there- 
fore, by a binary s^ine body, such as hydrochloric acid, the circular 
or voltaic polarization is the necessary, as well as the most effective 
mode of action of chemical affinity 

The molecular condition of conductors,*’such as earbon and the 
metals, in a voltaic circle, apjicars to be th.it of polymeric combin.i- 
tion. Their atoms must be feebly basylous and chloious to e.ach 
other, the distinction possibly depending upon inequality m then* 
proportions of combined heat, and maintain the relation of eombi- 
iiation Agaui, many of these binaiy molecules are associated together 
like the many similar atoms of carbon, or of hydrogen, wdiich wc find 
associated in the polymcnc hydroc.arbons. Tlie whole must be held 
together by their chemical affinities, and the aggregation of the mass 
be the final resultant of the same attractions. The tieterminatioii of 
the polar condition m two metals, by the mere application of heat or 
cold to theirsj unction, requires the assumption of the sali-molecular 
(tructuie of metals , and the other proportionf that affinity passes 
into aggregation, is equally necessary to account for the polar (or 
electrical) effects which are produced by fncj^on or abrasiq)i, as they 
appear to extend to the division of chemical molecules 

The6mnu|ptive nature of chemical combination is well illustrated 
in such compounds as the acid hydrates — m dilute sulphunc acid, 
for instance, where we find an atom of acid uniting with more 

T 
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and more atoms of water, with a decreasing affinity, but without any 
assignable limit to tlieir number It is worthy of remark tliat the 
acids are bodies with chlorous or negative atoms, and their peculiar 
affinity m c\cess The polar formula for sulphuric acid (page 205) 

13 — ^ or three negative to one positive atom By the apposition 
S 

of a single binary molecule of water, sulphate of water is produced, 

in which the excessive proportion of chlorous atoms and 
S 11 ^ ^ 


affinity in the compound is in some degree diminished, the formula 
of the latter pres-cnhng four negative to two positive atoms 
The apposition of more and more molecules of water is deter- 
mined by this excess of chlorous affinity, which it tends to ncu- 
trali/iC, flic constant difference, or excess of two chlorous over the 
number of basylous atoms, becoming proportionally less with 
large numbers of added molecules of water. All the magnesian 
b.uscs .ippcar to assume water to assist in neutralizing their acid 
m the same manner, and retain one cepu valent of this watci 
m general very strongly In flic formation of a polar chain through 
a solution of a sulphate of this class, we have had reason to sup- 
pose that the sulphuric <icid applies itself, for the tunc, to the water 
rather than the metallic oxide as its base (page 265) The phenomena 
of voltaic endosmose WTre also found to favour the idea of the po- 
larization of highly aggregated molecules, m which the binary mole- 
cule w as represented by a single .-itom of chlonnc or salt-radical, 
against a single atom of hydrogen or metal associated with a large 
number of atoms of water, which constituted together the basylous 
atom. The application of polar formulm to the explanation of voltaic 
decompositions ot all kinds would, I believe, more correctly express 
the molecular changes that occur, than the usual assumption of the 
binary division of the compound body, m an absolute manner, into 
a basylous atom and a fictitious group forming a halogen body 


GENKRAL SUAIUARY. 

- 1 Li a closed voltaic circle, a certain number of lines or chaiiis 
of polarized molecules is establ'shed, each chain being continuous 
round tlifl circle Hence the polar condition of the circle must be 
every where the same. The same number of particles of^xciting 
fluid are simultaneously polar upon the surface of every zinc plate m 
the active cells, and also upon the surface of the zincoid m the cell 
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of decomposition^ and the conseqneut chemical change^ or decompo" 
sition occurring, is of the same amount in all the cells m the same 
time This equahty in condition and results is essential to a circular 
polarization, such as exists m the voltaic circle. 

The number of polar chains that can be 'established at the same 
tune in a particular voltaic arrangement, is obviously afiected by 
several circumstances — 

(1) By the size of the zinc plate the number of particles of zinc 
that may be simultaneously acted upon by the exciting fluid being 
directly proportional to the extent of metallic surface exposed. 

(£) By the nature and accidental state of the exciting liquid, 
some electrolytes being more easily acted on by the positive metal 
than otliers , while the state of dilution, temperature, and other cir- 
cumsfances, may affect the facility of decomposition of any particular 
electrolyte. 

(3) The adhesion of the g.ia bubbles of hydrogen to the copjier 
plate, at if^hich they arc evolved, interferes murh with the action of a 
battery , partly by reducing the surface of copper m contact with 
acid, and partly by acting as a zincous element, and ongmatiiig an 
opposite polanzatiSii in the battery (page 269) By taking up the 
hydrogen, by means of a solution of sulphate of copper iii contact 
with the copper plate, Mr Danicll increased the amount of circulating 
force SIX limits. 

(1) The clieiiiical action ni a cell is also diminished by increasing 
the distance fiom each otlicr in tlie exciting fluid of the positive and 
negative metals. 

(5) The lines of chemico-polar molecules in the exciting fluid 
should be repulsive of each other, like lines of magneto-polar elements, 
as illustrated m the mutual repulsion and divergence of the threads 
of steel filings which attach themselves to the pole of a magnet (fig 
63, page 237) That the lines of induction do diverge greatly in 
the acid, starting from the zinc as a centre, is placed beyond doubt 
by many experiments of Mr. Daiuell A small ball of zinc suspended 
m a hollow (^Lopper globe tilled with acid, is the arrangement m 
which this divergence is least restrained, and. was found to be the 
most effective form of the voltaic circle When the copper, too, 
IS a flat plate, and wholly imraersed*in the acid, the back w found to 
act as a negative surface, as well as tlm face directly exposed to tiie 
zinc, showing that the lines of mductiun m the acid expand, 
and open out from each other, some bending round the edge of the 
copper plate and terminating their action, after a second flexure, on 
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its opposite Side. To collect these diverging lines, the surface of the 
copper may be increased with advantage to at least four times that of 
the zinc. 

(6) The polar chains of ipolecules, m the connecting wires and 
other metallic portions of the circle, must be equally repulsive of 
each other. Hence the small size of the negative plates in the active 
cells, and of the platinum plates in the cell of decomposition, and the 
thinness of the connecting wires, are among the circumstances which 
dimmish the number of polar chains that can be estabhshed, and 
impair tlic general cnicieiicy of a battery. 

2 Tlie effect of inultiplyuig the active cells in a battery is not to 
increase the ijutnhci of polar cliains, or quantity of decomposition, 
but to increase the lutenutty of the induction m each chain ; although 
tins increase in intensity generally augments the quantity also, 'ui an 
iiidiiect manner, by overconnng more or less completely 'sqch obsta- 
cles to induction as have been enumerated 

3 I'lic intensity of the induction, also, is much greater with some 
electrolytes than others Tims a single pair of z.inc and platinum 
plates excited by dilute sulphuric acid, decomposes iodide of potas- 
sium, proto-clilonde of tin, and fused chlonde of Silver, but not fused 
nitre, cliloridc or iodide of lead, or solution of sulphate of soda 
With the addition, howcvci, of a little nitnc acid to the sulpliunc, 
flic same single ciicic decomposes all these bodies, and even w'atcr 
itself Here wo have a primary chlorous induction from the oxygen 
of the nitric acid, in .iddition to the basylous induction of the zme 
(page 268). The former action also is attended by the suppression 
of the liydrogen, so that the evolution of that gas upon the negative 
plate IS avoided 

4. The division of the coiuiccting wire, and the separation of its 
extremities to the most minute distance from each other, is sufficient 
to stop all induction and the propagation of the polar condition in 
an arrangement ,with the usual good conducting fluids. In a 
jxiwerful voltaic battery consisting of seventy large Danicll cells, no 
induction was observed to pass when the terminal wires were sepa- 
rated not more than the one-thousandth of an inch, even with tiJie, 
flame of a spint-lamp or ranfied air between them. Absolute contact 
of the wires was necessary to eatabhsli the circulation. But after 
contact was made, and the w;irea were heated to whiteness, they 
might be separated to a small distance without the inductioir being 
interrupted the space between them was then filled with an arch of 
dazzling light, containing detached particles of the wire in a state of 
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intense ignition, which were found to proceed from the zincoid to the 
chloroidj — the former losing matter, and the other acquiring it So 
highly fixed a substance as platinum is Ciimed from the one terminal 
to the other in this manner; but the transference of matter is most 
remarkable between charcoal points, which biay be separated to the 
greatest distance, and afford the largest and most brilliant arch 
of flame A similar, although it may be an excessively minute 
detachment of matter, is found to accompany the electric spark 
in all circumstances. Hence, the electric spark always contains 
matter In a powerful water battery, however, of u thousand couples, 
where the conducting power oi the liquid is low, good sparks are 
obtained on approaching the terminals (Gassiot) 

5. When terminal wires of a voltaic circle arc grasped in the hands, 
the ffircuit may be completed by the fluids of the body, provided the 
battery contains a considerable iiumbei ot cells, and the induction is 
of high intensity the nervous system is then alletted, the sensation 
of the eltetnc shogk being experienced 

6. The conducting wire becomes heated precisely m proportion to 
the number of polar chains established in it, and consequently in 
proportion to the size of the zinc plate ; and this to the same degree 
from the induction of a single cell as from any number ol similar 
cells Wires of different metals are unequally heated, aocoidmg to 
the resistance which they offer to mduciion The following numhers 
cvjiress the heat evolved by the same ciroulation lu difl'erciit metals, 
us observed by Mr Snow Hams* — 




Heat cvuivcd 

IleeiataiiCL 

Silver 

* 


1 

Copper 


6 

1 

Gold 


y 

n 

Zinc 


18 

3 

Platinum 


30 

5 

Iron 


. 30 

• Ti 

Tin 


. 36 

6 

Head 


72 

12 

Brass 


10 

• 3 


Tlie conducting powers of the iftetals are inversely as these num- 
bers , silver being a better conductopthan platinum m the proportion 
of 5 to 1., The conducting power of ^ of them is found to be 
dmunished by heat. 

7 As a portion of the voltaic circle, the conducting wire acquires 
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extraordinary powers of another kind, which can only be very shortly 
referred to here, belonging as they properly do to physics. 

(1) Another wire placed near and parallel to the conducting wire, 
has the polar condition of its molecules disturbed, and an induction 
propagated through it ' in an opposite direction to that in the con- 
ducting wire 

(2) If the conducting wire he twisted in the manner of a cork- 
screw 80 as to form a hollow spiral or helix, it will be found in that 
form to repre'^ent a maqtiet, one end of the helix being a north, and 
the other a south pole , and, if moveable, will arrange itself iii the 
magnetic meridian, under the influence of the earth's magnetism. Its 
poles are attracted hy the unlike poles of an ordinary magnet, and it 
imparts magnetism to soft iron or steel by induction. Two such 
helices attract and repel each other hy their different poles, hkfe two 
magnets. Indeed, an ordinary magnet may be viewed ps a body 
having a helical chain of its molecules m a state of permanent clic 
mico-polarity. 

(3) If a bar of soft iron bent into the form of a horse-shoe, with 
a copper wire twisted spirally round it, be applied like a lifter to the 
poles of a permanent magnet, at the instant of the soft iron becom- 
ing a magnet by induction, the molecules of the spiral become chcmico- 
polar j and when contact is broken with the permanent magnet, and 
the soft iron ceases to be a magnet, the wire exhibits a polanty the 
reverse of the former By a proper arrangement, electric sparks 
and shocks may be obtained front the wire, while the soft iron in- 
cluded within it is being made and unmade a magnet The mag- 
neto-electric machine is a contrivance for this purpose, and is now 
coming to supersede the old electnc machine, as a source of what is 
termed elcctncity of tension. Magnetic and dectnc eficcts are thus 
reciprocally produced from each other. 

(4) When the pole of a magnetic needle is placed near the con- 
ducting wire, tliu former neither approaches nor recedes from the 
latUj, but exhibits a disposition to revolve round tt. The extraor- 
dinary and beautiful phenomena of electrical rotation ate exhibited 
in an endless variety of contrivances and experiments. As the mag- , 
netic needle is generally supported upon a pivot, it is free to move 
only in a horizontal plane, and rtmsequently when the conducting 
wire 18 held over or under it (the needle being supposed in the mag- 
netic meridian), the poles in beginning to describe mrcles m dpposite 
directions round the wire, proceed to move to the right end left 
of it, and thus deviate from the true mendian. The amount of de- 
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viation in degrees is proportional to the quantity of circulating induc- 
tion, and may be taken to represent it, as is done m a useful instru- 
ment, the galvanometer, to be afterwards described It was iii the 
form of these deflections, that the phenomena exhibited by a magnet, 
under the influence of a conducting wire, fiist presented themselves 
to Oersted in 1819 



8 TIiermo-electric<d phenomena are produced from 
the effect of unequal temperAture upon metals in 
contact. If heat be applied to the point c, (fig 81), 
at which two bars of bismuth and autiinoiiy b and a 
arc soldered together, on coiiiiecting tlic free ex- 
tremities by a wire, the whole is found to form a 
weak voltaic circle, with the ludiiction from b tliiuugh 
the wire to a llcnoe in fins thcrmopol.ir arrango- 
ment the, bismuth is the negative mef.il, and may b(‘ compared to the 
cop])er in the voltaic cell If cold iiistoiid tif lieat be applied to < , a 
current filso is ost^bhslietl, but in an opposite diurfioii to the former 
Similar circuits may be formed ot o her metals, which m.iy be .vr- 
raiiged in the following order, the most powerful combination being 
formed of tliosc flicfals which arc most distant from eac h oflier in 
the following enumeration bismuth, plahiiiun, lead, tin, coppt'i oi 
■•liver, zinc, iron, antimony When h<*.ited at tlieir iHiiiils ol con- 
tact, the current proceeds llirougii the wire fiom lho-(‘ wliK'li stand 
first to fhc last According to Nohih, suml.ir circuits m.iy be foimed 
with substances of which tlie coliductiiig power is lowei tli<Lii that of 
the metals 


Several pairs of bismuth and antimony bars may be assocititcd as 
lu fig 22, and the extreme bars being connected by a wire, form an 
S’*® 82 arrangement icsembling a compound 

voltaic cin le Upon Iiealitig the upper 
junctions, and keeping the lower ones 
cool, or on healing j,lie lower ones and 
keeping the others cool, an induction 
is established ui the wire, moreiuleusc 
than in the single pair of metals, but 
still very weak. The conducting wire strongly affects aiiwdle, caus- 
ing a deflection proportional to tllfc uiequahty of terapcratiirc between 
the ends of the bars Melloni’s tbermo-multiplicr is a delicate ni- 
strument of this kind, which is even more sensitive to changes of 
temperature than the air-tlicrmoineter, and has aflorded great assist- 
ance 111 exploring the phenomena of radiant licat (page 35) 
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In such a compound bar, also, unequal temperature may be pro- 
duced, by making it the connecting wire of a single and weak voltaic 
circle ; whereupon the metals become cold at their junction, if the 
induction is from the bismuth to the antimony, and hot at the rame 
pomt if the induction IS 'in the opposite direction. Jliesc are the 
converse of the preceding phenomena, in winch electrical effects 
were produced by incquahty of temperature 

9, The friction of different bodies is another source of electrical 
phenomena One, at least, of the bodies mbbed together must not 
be a conductor, and m general two non-conductors are used 
When a silk handkerchief or a piece of resin is rubbed upon glass, 
both arc found, after separation, in a polar condition, and continue 
in it The rubbing surface of the glass becomes and remains zin- 
cous, and that of the resin or silk is chlorous ; and a moledular 
polarization is at the same time established through the whole mass 
of both the glass and resm, reaching to their opposite surfaces, which 
exhibit the other polarity. The powers thus appearing on the two 
rubbing surfaces, being manifestly different, were distinguished by 
the names of the bodies on which they are developed , that upon the 
glass as vitreous clectncity (basylous affinity), and that upon the resin 
as leHinous electricity (halogeiious affinity) 

In comparing the cliemico-polanty excited by friction with that 
of the voltaic circle, we observe that the former is of high intensity 
but small in quantity, or affecting only a small number of trams of 
molecules Also that the polar condition is more or less permanent, 
depending upon the insulation, and attended with a disturbance of 
the polar condition of surrounding bodies to a considerable distance, 

• giving nse to eicctncdl attractions and repulsions, or statical pheno- 
mena If both the excited and vitreous resinous su rfaces have aconduct- 
ing metal, such as a sheet of tin-foil, appbed to them, and each sheet have 
a wire proceeding from it, the wires and tin-foil are polarized similarly 
to the glass and the resin winch they cover , and a sahne body placed 
between the extremities of the wires, which are respectively a zincoid 
and chloroid, is polanzed also, and decomposed. But tie amount 
of decomposition, which is a true measure of the quantity of polay 
chain®, IB extremely nimute compared with the amount of polar- 
ization in the voltaic circle. Tlyis, Mr. Faraday has calculated 
that the decomposition of one gmn of water by zinc, m the active 
cell of the voltaic circle, produces as great an amount of polarization 
and decomposition in tlie cell of decomposition, as 950,0b0 charges 
of a large Ticvden battery, of several square feet of coated surface , 
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an enormous quantity of power, equal to a most destructive thunder 
The polarization from fnction^s therefore singularly intense, 
although remarkably deficient in quantity, or m the number of chains 
of polar molecules. 

The kinds of matter susceptible of this iittense polarization are so 
many and so various, such as glass, minerals, wood, resms, sulphur, 
oils, air, &c , as to make it diificult to suppose tliat the polar mo- 
lecule IS of the same chemical constitution in all of them, as it is in 
the electrolytes of the voltaic circle Indeed, it must be admitted 
that all matter whatever may be forced into a polar condition by a 
most intense induction 

Electneal induction at a distance, Mr Faraday has shewn to be 
always an action of contiguous particles, chains of particles of air, 
or Some other " diclectnc,” extending between the excited body 
which IS ^inSucmg, and the induced body His investigation of this 
subject led to the remarkable discovery that the intensity of electric 
induction at a constant distance from the inducing body is not 
always the same, fiut vanes in diffcront media, the induction through 
a certain tliickiiess of shcll-lac, for instance, being twice as great as 
through the same* thickness of air. Numbers may be attached to 
difierent bodies which express their relative inductive capacities — 
Specific inductive capacity of oir .1 

" ” glass . 1 7G 

” " shell-lac . 2 

" " • sulphur , . 2 24 

The inductive capacity of all gases is the same ns that of air, and 
this property, it is remarkable, does not alter in these bodies with 
variations in their density. 

10. Mr. Faraday has lately mode the important discovery that a 
ray of polarized light, passing through a transparent liquid or solid, 
18 deflected, and takes a spiral direction, or has a motion of rotation 
communicated to it by the approximation of the j^lc of a powerful 
electro or natural magnet , the pole of the latter being so placed that 
the ray is in the direction of the Imes of attraction of the magnet. 
The amount of the deflection of the ray vanes in different transiiarent 
bodies, and is approximativcly expressed for oil of turjicntine by 
11.8, heavy borate of lead glass i.O, flint-glass 2.8, rock-salt 2.2, 
water 1, alcohol and ether less than jvater (Phil. Trans. 1846), 

11. Operatmg with electro-magnets of the highest power, Mr. 
Faraday has obtained results of a fundamental nature respecting the 
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magnetic capacity of different kinds of matter The magnetic field 
being represented as in fig S3, 
where N and S arc the two poles, 
the dotted liiieN Scoiincctirigthese 
poles, or line of magnetic force, is 
conveniently termed the axial direc- 
tion, and the line r r, perpendictiLir 
to the former, the cijii.itoiial diicc- 
tion Wlieri a bar of bismuth, two inches long, 0 33 inch wide, and 0 2 
thick, was delicately suspended by a thread of untwisted silk, and 
placed between the magnets, it ariuiged itself m the direction of e r, 
or cipiatonally All kinds of solid, luiuid, and even gaseous matter 
liavc a ccrt.im amount of tendency to place themselves, like the bis- 
inutli bar, across tlie axial or piojxjr magnetic direction Tins equa- 
torial tendency is, honever, oiereome and negatived by thr smalli'st 
projicr magnetic protierty which bodies may jiossess, as this is the 
axial jiolarity, and causes the substance to set with.ts greatest length 
m the direction N S Tleiides iron, iinkel and cobalt, the usual 
magnetic metals, platinum, ii.illadiiim and titanium, jirovcd to be 
axial bodies So are all the s,ilts contaimng iron, nickel, or cobalt, 
as base Even bottle glass is comparatively very magnetic, from Ihc 
iron it contains, so is frown (window) gl.uss, but not flint glass 
The solutions of these salts are alsomagietic Crystals of the yellow 
fcrroGjaiiide and red fciricy.uude of potassium are not magnetic, but 
set equatonally The iron, it w'lll be remembered, belongs to the 
acid in these last salts Tlie salts of the oxides of the foUowung 
met.ils proved magnetic, and Mr Earadfiy is disposed to infer that 
tlic metals tlicmsclves arc so — xnangmiesc, cerium, chromium Paper 
and many other organic and mineral substances often contain enough 
of iron to make them fall into the same class 

The bodies wlneh place themselves equ.iton.dly are uamed dtn- 
muifiiettr. The cudless list of them is also headed by metals, which 
ajipear to possess tins power in diirercut degrees of intensity accord- 
ing to the following Older — 
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Ihsmu^h 

Antimony. 

Zinc 

'rm. 


Cadmium 

Mercury 

Silver 

Copper 
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The other non-magnetic metals are diamagnetic in a Ic'^s degree 
This property is not sensibly impaired by heating the metaU np to 
their fnsing points. The property may be cxiicnmeiitally illu'.tr.ilcd 
by pointed pieces of rock crystal, glass, phosphorus, scaling-ii,i\, 
caoutchouc, wood, beef, bread, &c (Phil Tfaiis 1816) 

Hot air and flame are more diamagnetic tlian cold or cooler air, so 
that a stream of the former spreads itself equatonally iii .iscoiidiiig 
between magnetic poles Of many gases and vapours tried Iiy Mr 
I’aruday, oxygen was found to be the least diamagnetic, a.ul this 
clement appears to lower the equatorial tendeiiey of the gases into 
which it enters as a constituent Nitrogen is moie liighly diamag- 
netic than carbonic acid or liydrogen In an atmospliiTO of Crirbonic 
acid gas (instead of air) between the inagnrtic poles, sticams ol 
liydl’ogen gas, coal gas, olefiant gas, muriatic iicicl, and ammonia, 
passed equatonally, and arc tlierefore more diamagnetic A si i cam 
of oxygen, which is so little diamagnetic, had, eonscipicully, “ the ap- 
pearance of being strongly magnetic in coal gas, passing with great 
impetuosity to tlio magnetie axis, and clinging about it, and il 
mncli muriate of ammonia fume were purposely lormed at the limi', 
it was carried by'tlie o\)gcn to the magnetie field with suth force as 
to hide the ends of the magnetic poles Tf, tlieii, tin' iiiagin'tie 
action were suspended for a moment, this rloiid dtseendi'd hy its 
gravity, but being quite below tlie poles, if the magnet were again 
rendered active, tlic oxygen cloud immediately started up and took, 
its former place The attractioli of iron filings to a magnetic pole 
IS not more striking than the appearance presented by the o\\ gt n 
under these circumstances* ” 


VOLTAIC INSTRUMFXTS 

DtunelJ s constant hattenf — k cell of this b.iltery consists of a 
cylinder of copper 3^^ iiiche« in diameter, whieh eviicriencc has 
jirovcd to* the inventor to aflbrd the most adv.iiitagcous distance 
between the metallic surfaces, but winch may vaiy in height from 0 
to 20 mclicsj according to the power which it is wished to obtain 
A membranous bag formed of tlft gullet of an ox, is hung iii the 
centre by a collar and circular copper plate, resting upon a run within 
and near ^le top of the cyhnder , and m this is suspended by a w oodeti 


♦ Faraday* Phil Mag jxxi 415 
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cross-bar, a qrlindncal rod of amalgamated zinc half an inch in 
diameter Or a tube of porous earthenware, shut at the bottom, is 
substituted for the membrane with great convenience The outer 
cell is chained with a mixture of 8 measures of water and 1 of oil of 
vitnol, which has been saturated with sulphate of copper, and por- 
tions of the solid siilt are placed upon the circular copper plate, which 
13 perforated lik< a colander, for the pur^msc of keeping the solution 
always in a st.ite ol saturation Tlu* internal tube is filled with the 
same acid mixture without the salt of copper A section of the 
upper ji.irt of one of these eells is here rciircseiitf d abed (fig 8 1) is 
Ft" fi-* the external copper cylinder , e f g h, the 

8^ internal eyhnder of earthenware, aud I m 



the rod of amalgamated zme TJjion a 
ledge { d, within an inch or two of the top 
of the cylinder, rests the cvlnidncalccolander 
i Jc, which contains the copper salt, and both 
the sides and bottom of which are perfo- 
rated with holes A number of such cells 
may be connected into a compound ememt, 
with wires soldered to the copper cylinders, 
and fastened to the zme by clamps and 


screivs as shewn below, in fig 85 (DaniclI's 


Inlroduction to CJhemical PMosophy) 


Fig 85 


Instead of the zinc 



cyhuder a thick plate 
of laminated zinc is 
now generally used, 
which is more re- 
gularly amalgamated 
than the cast cylin- 
der 

In this instrument 
the sulphate of zinc, 
formed by the solu 
tiou of the zinc rod; 


IS retained in the stoneware cjlinder, and prevented from diffusing 
to the copper surface , while the hyttrogen, instead of being evolved 
as gas on the surface of the lattci metal, decomposes the oxide of 
copper of the salt there, ajid occasions a deposition of metaUic 
copper on the copper plate Such a circle will not vary in its action 
for houis togellier, which makes it invaluable in the investigation of 
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voltaic lawi It owes sujxinonty pnncipally to tlirce circum- 
stances ■ — to the amalgamation of the zinc, which prevents the \i;iste 
of that metal by solution when the circuit is not completed , to the 
non-occurrence of the precipitation of zme upon the copper surf.icc , 
and to the corajilete absorjition of the hjdrogiTi at the copper surtacc, 
the adhesion of globules of gas to the metallic plates greatly di- 
mmibhmg, and introducing much irregularity into the action of a 
circle 

Oioie'fi mtric acid bdW-i tf — In this battiTy the positive metal 
IS amalgamated zinc, and the negitivc metal platiiiiitii, while tin* in- 
termediate liquid is of two kinds, dilute sulphuric acid of sji gr I 125 
III contact with the /me, and strong nitric acid in contact with the 
platinum In fig 86, a represents a ll<it cell of porous earthenware, 

• \ la 



to contain ihc nitric acid and platinum phitc , h, the platinum plate , 
d, the zinc plate, which is doubled up to include the porous cell , 
c, a cell of glazed earthenw'are to contain the sulpliunc acid and zme 
plate , y, a wooden frame to support the last cell, terminated above 
by copper plates provided with claipps, by which the terminal wires 
are attached Two wooden w'cdges, such ns c, are required to fix 
the upper end of the zinc plate on the one side, and the pl<it]- 
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Hum plate on the other, as in fig. 87 
Convenient duneiisions for the princi- 
pal parts are, the external cell e, 
inches by 2 J and 1^ , porous cell a, 
di by 2J and ^ null , jv'citnuiin plate 
5 inches by 2^, and w eighing about 
10 grains in the square iiith 

In lig 88, SIX of tliesc cells arc 
placed together in a noodeu frame, 
with the u])[)ur part of cacli cud ol the 
fi,iiiic of stout sheet coppti, to winch 
the jilates and wires can be cLunped 
'I'lie wires fioin the jilatiiium and zinc 
end" of the battery, h ive platinum 
plates, a and b, attached to them as 


Fio 87 
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tenniiials A battery of this size will evolve 8 or 10 cubic inches of 
mi\e osvgeii and hydrogen gases in the voltameter per minute. It, 
is equal to scveml times as many cells ol the preceding batten' The 
p anziiig power is very intense, and little more decomposing power 
IS ^med by increasing the number of cells beyond five or six 

larbo-iinc batten/ of liunger,, which is much used on the 
continent, is a modification of the last construction, in w^ich char- 
coal in contact with the nitric amd is substituted for platinum The 
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carbon is in the form of a hollow cylinder, and is made by coking 
pounded coal in a proper non mould By soaking the coke in sugar, 
and calcining a second time, great compactness is given to the cylin- 
der. The latter is so largo «s to include the porous cell containing 
Ihc zinc and acid, wid is itself placed iii a 
stout glass cylinder, of which the neck i<. 
contracted so as to supyiort the coke cylinder 
(fig 89) The zinc cylinder c is connected 
by a slip h and ring a of the same metal 
With the coke cylinder, of wliicli the iippi'r 
end IS made a little conical to hold the rinir 
This battery has the advantage of enlarged 
negative surface, and provides ample space 

for fhc intnc acid 

For otjief useful forms of the kittcny, such as that introduced by 
Mr Smec, in which a tliin sheet of silver covered by ,i deposit of 
])latiimm (pl,itiui/ed silver) is the negative metal, 1 must refer to 
works upon Elcc ^ricity 

Bird's batten/ and deconi/wstnt/ tell — ^I’o M Becqucrcl wc arc 
particularly indebted for the investigation of the decomposing powcis 
of feeble currents, susta,incd for a long lime, the lesults of which aic 
of great interest, both from the nature of the substances that can 
be thus decomposed, and from the foiin in which the elements of the 
b(jdy decoinjiosed arc jircsented, the slow furinatiuii of these bodies 
permitting their deposition in nsgulai crystals* J)i Golding Bird 
has also added to (lie number of bodies decomposed by such means, 
<iTid contrived a simple form of the battciy, which, with Becqucrcl's 
decomposing cell, renders such decompositions ceitain and easy t 
I'm 90 The decomposing cell consists 

of a glass cylinder a, (fig 99) 
within auotlicT glass cylinder b 
The inner cylinder a is 4 inches 
long, and 1 inch m diameter, 
and IS dosid at the lower end 
by a plug of plaster of Paris 
0 7 mcH m thickness this cy- 
linder is fixed by means ol 
w edges of cork wutliin the other, 
which is a plmn jar, about 8 

Trait* Expcniiient.ll de I’Etectncitd ct du Mognelisruc, par M Bccipitrcl 
t Phil Trans 1837, p 37 
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inches deep "by 2 inrlies in diameter. A piece of sheet copper c, 4 
inches long and 3 inches wide, having a copper conducting wire 
soldered to it, is loosely coiled up and placed in the inner cylin- 
der with the plaster bottom a piece of sheet zinc s, of equal 
si/c, IS also loosely ceiled, and placed in the outer cyhnder, 
tins zinc likewise being furnished with a conducting mre. The 
outer cylinder is then nearly filled with a weak solution of common 
salt, and the inner with a saturated solution of sulphate of copper 
Ihe two fluids arc prevented from mixing by the plaster diaphragm, 
and care being taken that tliey are at the same level in both the 
cylinders, the circle wnll .ilPord, on joining the wires, a continuous 
current for weeks, the chloride of sodium and the sulphate of copper 
being very slowly decomposed After it has been m action for some 
weeks, chloride of zinc is found in the outer eyliudcr and beaiftiful 
crystals of metallic copper, frequently mixed with the ruBy. suboxide 
(closely resembling the native copper ruby ore in oppeamnee), with 
large crystals of sul})hritc of soda, an* found adlicniig to the copper 
plate in the smaller cylinder, especially on that part where it touches 
the plaster diaphragm 

The decomposing cell is the countc*rpart of the battery itself, con- 
sisting, like it, of two glass cylinders, one within the other, the smaller 
one r having a bottom of plaster of Pans fixed into it * this smaller 
tube may be about ^ iiith wide and 3 inches in length, and is in- 
tended to hold ihe metallic or other solution to be decomposed, the 
external tube d, in which the other*is immersed, being filled with a 
weak solution of common salt In the latter solution a slip of amal- 
gamated zinc-plate z', soldered to the wire coming from the copper 
plate c of the battery, is immersed ; and a slip of platinum foil j)l, 
eonnected with the wire from the zinc plate z of the battery, is im- 
mersed in the liquor of the smaller tube, being held in its place by a 
t ork, through wluch its wire passes. The whole arrangement is now 
obviously a pair active cells, of which c s! is one metalhc element, 
and z pi the other , and the fluid between z and c divided by the 
porous plaster diaphragm, one fluid element, and the flu-d between 
z and p!, divided by a porous plaster diaphragm, another flmd elej- 
ineiit , although it will be convenient to speak of the last as the cell 
of decomposition "With a Bolutiov> of chlorides or nitrates of iron, 
copper, tin, zinc, bismuth, antjraony, lead or silver, in the smaller 
tube. Dr. Bird finds the metals to be reduced upon the surface of the 
platinum, generally but not mvanably in possession o^ a perfect 
raetallie lustre, always more or less crystalhne, and often very beau- 
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tifolly so. The crystals of copper nval m hardness and malleability 
the finest specimens of native copper, and those of silver, wlncjh are 
needles, are white and very bnlhant 'Jlie solution of fluoride of 
silicon in alcohol being introduced into the small tube by Dr Dird, a 
deposition ol silicon iijion the ]>l,itinuni w,*s found to take place in 
5J4 hours, which was iieailv black and gi.iiiul.ir, and is desenbed .us 
exlnbitiiig a tendency to a erj ''l.illinc foiiii I’loin .in a(|nrons solulion 
of the same lluoridc, a deposition of gcl.itinous sihca \\.is observed to 
take place around the reduced silicon, iinxid vntli wliieli, or preeijn- 
t.itcd in a zone on the sides of the tube, e'-jieei.illy if of small dia- 
meter, frequently appeal minute eryst.dliiie gi.mis of sihe.i or quaitz, 
of sufficient hardness to seiatch gl.iss, .mil iijijieariiig translucent 
under the microscope W ith .1 moditic.itioM ot the d( eoiiiiiosing ei-ll 
deseftbed. Dr Jhid succeeded 111 deeoinjmsmg a solution of rhloride 
ot potassmfti, and obtained an nm.dg.un of pot.isHium The mm r 
lube e was lepkiced by a sni.dl ghiss fiiimel, the lower njieiiiiig ot 
winch WB' blojiped with sliuio, .md whidi thus clo‘»eil ret, lined <i 
weak solution of tTie alk.ihiie ehlonde pomed into it hlveiy thing 
exteinal to Ihia tuimel ri m.umug , is usu.il, mere ury, continued lu a 
slioit gl.iss tube, hkc a thimble, w.is pkafoditi the funnel, and coveied 
by the liquid, and instead of the platmuin pl.ite, a platinum wire, 
coiled into a spiial at the extremity, was jihmged into the mercury, 
the othci cud of tins wiic being eoimeited w itli the /, me pl.ite c of 
tlie batter}' The ciicuit Iiavmg been tlni-' e()ni|)li li d, the iiieienry 
had swollen m eight or ten liAiiis to double its foinier hulk, and 
when afteiw.irds thiowii Into distillid walm, evolved liultogiii, and 

Iirocluccd an alka- 
line solution. A 
solution of hydro- 
chloiate of nmino- 
ni.i Vieiiig snhsti- 
tu^j d lor that of 
cliloiide of potas- 
sium, m tlii« e\pe- 
1 uncut, the metal 
swells to live 01 SIX 
tiiiie.s its bulk m <1 
lew houis, and the 
semi-iliJid .imalgaiii 
of aminoimim is 
toiineil 'J'lic'-e tee- 
])le ( m iciilij thus cf- 
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feet decompositions, in the lapse of time, which batteries of the 
ordinary form, and considerable magnitude, may effect very imper- 
fectly, or fail entirely in producing. 

Volta-nu trr — The docomposing power of a battery is represented 
by the quantity of oxygen and hydrogen gases evolved in a cell of 
decomposition contaimiig dilute sulphuric acid The volta-metcr 
(fig 91) IS siirqily a cell so charged, and of a proper form to allow 
of th(' giiscs evolved being collected and measured 

Galvamnnetc) — The sensibility of the magnetic needle to the 
influence of the conducting wire of a voltaic circle brought near it, 
has been apjilied to the construction of an instrument which will 
indicate the feeblest polarization or slightest current in the comiectiiig 
wire. It consists of a pair of magnetic needles (fig 92), fixed on one 

axis with their attracting 
poles opposite each other, 
so as to leave them little 
or no directive power, and 
render them astatic, which 
18 delicately suspended by 
a smgk fibre of uiispun 
silk. The lower needle 
IS enclosed within a cir- 
cle formed by a hank of 
covered wire B, of which 
p and n are the extremi- 
ties. When the terminal 
wires of a battery are con- 
nected with the wires, 
the hank of wire of the 
galvanometer becomespart 
of the connectmg wire, 
and the needle is de- 
Ili'iUd The iiiductioiis proceeding m one direction above the 
needle and returning in the opposite direction below the needle, 
conspire to produce the same deflection; and the upper needle 
having its poles reversbd, is deflected m the same direction, by tfie * 
wire below it, as the lower needle ,is by the wire above that needle. 
Every turn of the wire also repeats the influence upon the needle, 
so tliat the deflection is increased in proportion to the number of 
turns or coils in the hank of wire o 
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CHAPTER V. 


NOM-METALLIC SLE3IENTS 


Section I — Oxygen, 

Eqnit alent 8 {hydfQf)en = 1, or 100 as tite basts of the Ovygen 
finale, density 1103 6 («jr =1000) , conibin my measure | | 
{one volume ) 

The foU owing thirteen of the sixty-two elementary bodies known*, are 
included in the class of non-metalUc elements — oxygen, hydrogen, 
nitrogen, carbon, boron, silicon or sdicinm, sulphur, solcmum, 
phosphorus, clilonnc, bromine, iodine, and fluonne. Of these, 
oxygen, from certain relations which it bears to aU the others, and 
from its general importance, demands the earliest consideration. 

The name oxygen is compounded of o£i/c, acid, and yeyvau, I give 
nse to, and was given to this element by Lavoisier, with reference to 
its property of forming acids in umtmg with other elementary bodies. 
Oxygen IS a permanent gas, when uncombined, and forms one-hfth 
part of the air of the atmosphere In a state of combination, this 
clement is the most extensively diffused body in nature, entenng as a 
constituent into water, into nearly all tho earths and rocks of which 
the crust of the globe is composed, and into aU orgamc products, 
with a few exceptions It was iirst recognised as a distmct sub- 
stance by Dr, Priestley in this country, m 1774, and about a year 
afterwards by Scheele in Sweden, without any knowli!dge of Priestley's 
expenments. Prom this discovciy may be dated the ongm of true 
chemical theory. 

• "Preparation , — Oxygen gas is generally discpgaged from some com- 

pound contaimng it, by the action of heat, 

1. It was first procured by Pfiestley, by heatmg Bed Precipi- 
tate (oxide of mercuiy), which is thereby resolved mto flmd mercury 

* Thig number inclndei three demeutB— erbium, terbium, ami ilmenium, of which 
tha exiatence ig doubtful 
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and ox)'gcn gas. To illnstnitc the formation of oxygen in tliia way, 
200 grains of red jim ipitatc may be introduced into the body of a 
small retort a of hard or difficultly fusible glass, and the retort 
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united in an air-tight manner uith a sm.dl glohul.ir tl.isk h, having^ two 
openings, hotli cloved by ])crfoiatcd coiks, one of uliicli admits the 
he.ilc of the letoil, and the otlier an exit lube (, ol glass, bent as in 
tlu' figure" Tlie extremity of the exil tube is introdnced into a gra- 
(liiattd jar cap<iblc ot luilding 50 or (>0 cubic inches, and plicid 
in an iiivcitcd ])osi(ion, lull of natcr, upon the slielf of a pneumatic 
walcr-tioiigh Heat is then applied to the retort by ineiins of an 
Aigancl spirit lamp pcmcilul enough to raise it to a leJ heat, and 
inaintam it <it that temperature foi a ronsidc'rablc time The first 
effect of the liexit is to expand the air in the retort, hubbies of \iluch 
issue fiom the tube c, and rise to tbe top of the jar displacing 
water, hut more gas follows, winch is oxigcm, and at the same time 
metallic mercury condenses in the neck of the retort and ruiis) down 
into the intermediate flask h "WlKm the red piecipitatc in the retort 
has cntirc'ly clihajipcared, the lamp may be extiiifuiished, and the 
retort allowed to cool completely The end of tlie exit tube c being 
now above the level of the water m the ]ar, wdiich is nearly full of 
gas, a portion of the latter, ecpial m hulk to the air which first left 
the retort, will return to it, from the coiiti action of the gas within 
the retort Thc*jar will be found in the cud to contain 44 cubic 
inches of gas, which is thercfoic the measure of oxygen produced in 
tlu; pxiienmcut, and the flask to contain 185 grains bf mercury 
Now 44 cubic inches ,of oxj gen weigh 15 grains, and a true ana- 
lysis of the red iwecipitate has been eftiected, ot which the result is, 
that 300 grams of that substance (Kmsist of — 

185 grains mercury 

II o’^ygeii, (44 cubic inches.) 
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But oxygen gus ia more generally derived fiom two other sub- 
stances — oxide of manganese and clilorute of potash 

2 . When the gcis ]s re({uiicd m large iiu.iiitityj and exact purity 
la immatcnal, tlu' oxide of manganese is ])U’f( rred from its chenpiic'.s 
This IS a black, heavy mineral, found m Jlevtmshirc, in llessc Dduii- 
stadt, and other localities, of which upwards of 10,000 tons arc con- 
snmid annually in the manufactnres of tin* foiinhy It is called an 
oxide of manganese, because it is a compound of the m('t.d manga- 
mse with oxygen In explanation ol what t.ikcs jikice when tins 
substance is heated, it isnece‘-sary to state that manganese is capable 
of uniting with oxygen in several proportion*', namely, oiu; ecjiiii a- 
lent, or 27 67 parts of manganese*, with 8, and with 10 jiails ol oxy- 
gen, and two egiuvtilcnts of manganese wnth 21 paits of oxygen 
These coin])ouuds arc — 

Protoxide of manganese . . ]\In+ O 

Ses([uioxulL . ... 2 MiH -30 

Biuoxnie, or native black oxide . Mu + 20 


Now llie binoxi(l«, however stiongly honied, never lose**, more than 
one-tlurd of its oxygen, being lonveited inio a compound of the 
first two oxides that is, tliree i*(]ui\€jlents of bmoxide (131 01 pails) 
lose two equivalents of oxyge-u (16 parts), and leave a eoinpou'id ot 
one eq ol sesquioxide anil one eq ot piotoxidc, a cliaiige winch 
may be thus expresse'd — 


3 Mii 63 = 


20 

Mri3 Oj + Mii O 


One of the ni.illeable iron bottles in which mereury is imported is 
Hxulily converted into a retort, 111 winch the black oxide may be 
heated by removing its sciewcd non stopjic'r, .inel replacing tins by 
an iron pipe of three feet m length, once ml ot winch li, us been cut to 
the screw of the bottle This ])ipc may be bent like «, figure t) 1 <, 
if the bottle is to be heated m an open fire, nr in a funiaee open at 
. the top. Prom 3 to 9 pounds of the oxide may be iritrodnced as a 
cliaige, according to the ([iiaulity of g,vs to be prepared, (‘ach pound 
of good German manganese yicldftig about 1 100 cubic inches, or 
5 05 gallons of gas Upon the first application of heat, water comes 

off, as stcany mixed occasionally with a gas which extnignislu's ilarrie, 
this 13 owing to the impunly of the oxide The ]noducts may he 
allowed to escape, till the point of a wood-mat cji, red without llaiiic. 
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applied to the orifice, is rekindled and made to bum with brilliancy , 
the gas IS then sufficiently pure, and means must be taken for collcct- 
mg it A small flexible tin tube h, of any convenient length, is 
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adapted to the iron pipe, by means of a perforated cork, by which 
the gas IS conveyed to a pneumatic trough, and collected in glass 
jars filled with water, as in the former experiment , or, as this process 
affords considerable (piantities of oxygen, the gas is more generally 
conducted into the infcnor cylinder or drum of a copper gas holder 
c, full of water The water docs not flow out by the recurved tube 
which forms tlic lower opening, but is retained in the vessel by the 
pressure of the atmosphere on the surface of the water in that tube, 
as water is retained in a bird’s dnnking-glass. Eut when the tm 
tube 13 introduced into the gas-holder by this opening, water escapes 
by it, in proportion as gas is thrown into the cylinder and nses m 
bubbles to the top The progress of filling the gas-holder may be 
observed by the ^lass gauge-tube g, winch is open at both ends, and 
connected with the top and bottom of the cylinder, so that the water 
sttuids at the same luight m the tube as in the cyhndery Convenient 
dimensions for the cylinder it'jclf are 16 inches in height by 12 in, 
diameter , to fill which a charge of three pounds of manganese may 
be used The gauge -tube is so^ apt to be broken, or to occasion 
leakage at its junctions with tlie cylinder, when the latter is large 
and unwieldy, that it is generally belter to forego the ^vantage it 
offers, and dispense with tins addition to the gas-holder. T^hen ap- 
plied fo a small gas-holder, the ends of the tube are conveniently 
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adapted to the openings of the tylitidcr, by means ot peiforatcd corks, 
which arc afterwards covered by a mixtnrc ot white and rod lead 
with a drying oil. 

After the cylinder is filled, the lower opening by which the gis 
w,ia admitted is elosed by a good cork, or*l)y a brass c.ip in.idi to 
screw over it. The superior cylinder is an o]Kn\i<iiei tioiigh, con- 
nected with the inferior e)huder by two tubes pnnidcd uilU sloji- 
cocks, m and7C, one ot which, m, is conliiiiied to tlu bottom ot lli.it 
vessel, .md conveys w.iter Ironi Uie su])ciioi cilmdci, wliili the other 
Tk. 06 tube, temiinates at the loj) of the inlenor c^liiulei, .iiid 
aflords a passage by which tlic g.is (.111 isc.ijcr ironi it, 
when W.itcr is allowid to descend b) the other tube Tlic 
Cl-' ~ - D ] tube and peifor.ition of the slopeotk of wc slionld be c oii- 
1 * -j sulerably wider than n A ).ii a Idled with g.is by 
inverting it full ot w.ilei 111 tlu siipmoi (_>liii<lei, met (ho 
opening of n, as exlnbited 111 the (igiiie, <iiid .illowiiig (lie 
‘gas to ascend tiom tlu infcuui cjliiulci G.is m.i^ like- 
wise be obtiined by the stopcock I (lig 91), w.itci being allowed to 
enter by m at the same time 

Oxjgcn may likewise he (hsongaged fioni o\ulc ot ni.iiig.iiu m hi ,i 
flask or retort, by means of Bulphuuc .uul dilulid witli an cciiial hiJk 
of water, but this is not a process to he 11 commended \Mi('n the 
quantity of oxygen required is not \eiy huge, it is better to have 
recourse to chlorate of pohisli, wlucli has also the adv.iiit.ige ot 
giving a perfectly jiure gas • 

3. A wcll-cleaiiscd I'lorcnce oil ll.isk, the edges of the inoulli of 
which have been heated and turned over so as to form a Jqi, wilh a 
bent glass tube and perforated coik titled to it (lig 90), forms .1 toii- 
vcnicnt retort 111 which about h.ilt an ounce ot clilorateof jiof.isli m.iy 
be heated by means of a gas flame or Argiind spiiit hunp The salt 
melts, although it contains no water, and when ne.irly red hot emits 
Fia ao abunchuicc ot oxygen {'.as 

At one point ot the decom- 
position, the eticrvcscencc 
m.i) beconic so violent as 
to* hurst the flask, especi- 
ally if the exit tube be 
narrow, unless the luat 
be niodcratecl The chlo- 
rate of potash parts-with 
all the oxygen it pos- 
sesses, winch amounts to 
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39 2 per rent of ily Alright, ,iud leaves a wlutelmidsnlt, the chlonde 
of potassium 

Tlic only nicoiivruiriicc attending the preceding process is the 
high temperatme required, which would soften a retort or flask of 
flmt gl.iss. It was discovered, however, hy M. llilscherlich that 
chloral c of potash is decomposed at a much lower tenjjirratuie when 
mixed with diy jiowdeis, upon which it exercises no chemical action, 
pflrtJcuhirlj metallic jicroxides, snrh as the hinoxide of irini)gane'<c and 
the hlaek oxide of copper. Nollnng can answer hedter than the 
hiiioxule of manganese, after being made anhydrous hy a shent 
c\po''Urc to a rod heat Two p-iits of cldoratc of potash in powder, 
mixed with one part of the diiecl oxidc', iorins a useful " oxjgen 
mixture," which may he made in cpiantily and picservcd for occa- 
sional use. < 

h’rom an atomic slatcmcnt of the composition of chloratt of potash it 
appairsthat ouc ecpuvaleutof it (122 5 parts) c'ontaius six equivalents 
ot oxygen (48 pads), namely five cq lu the cldoiic .uid and om ic|. 
in the potash, the whole of which come otf, leaving one equivalent ol 
chlonde of potassium (7 1'5 parts) — 

K 0+0 0.= 1^0^, 

Half nti ounce of chlorate of potash should jiehl 270 tuhit inches or 
nearly a gallon of pure oxygen gas. 

4. Another process for oxygen gas, proposed hy Mr Balmain, 
consists 111 heating ni a retort 3 parts of the bichromate of potash in 
powder, witli 4 pads of undiluted sidphunc acid the gas comes oil 
in a coiitiiiuons stream, and a mixture ot suljili.itc of potash and sul- 
jihatc of scscpiioxuh of cliiomiuni remains behind in the retort The dc- 
compossition which takes pt<icc is explained m the following formula.— 
KO, CrjOg with 4 SO3, give XO, SO3 with CrjOg SSO, and 30. 

The bichromate of potash loses one-half of the oxygen contained 
in the cliroimc acid, or about 16 per cent of its w^eight , one ounce of 
salt 3iehhug about 200 cubic inches of gas 

Propfi} ties — 0\) gen gas is colomlcss, and dt stitute of odour and 
taste It IS h(‘avicr than lur m the ratio of 1 106 6 to 1000, accoid 
ing to the latest careful determination, that ot M licgnault.* 

At the tsmpiTuturc of 00"^, and Suth the barometer at 30 inches, 

• Ani,idc8 de Clninic. &c , 18 Hi, 3c s. r“t xiv p 21 1 The menn of three weighings 
preciously mntlt hy MSI Dumas and Bou>ismg mil, «ns 1105 7 (ibid t*viii p 201). 
Baron -Wreile found 1105 2 At a mmh o.rl.tr pc nod T dc Saiissare obtained 
Rcgmiult’s number, 1103 0 Tlicct comcidoices lu the rL.ullB of ladcpcudent obseivers 
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100 cubic inches of oxygen gas weigh 3119 grams (Rcgiuult). 
due cubic iiicli, therefore, weighs 0 3419 gr , or about ^ of a gram. 
It lias never been liqueftccl by cold or pressure 

Oxygen IS so sparingly soluble in water, that vhen agitated in 
contact Avith that ilmd no pelccptible dinnnulion of its \oluine takis 
place. But when water is previously deprived of air by hoihiig, and 
allowed to cool in a close vessel, 100 cubic inches of it dissolve 3}- 
cubic inches of tins g.is. 

If a lighted wax tiqicr attached to a copper wire be blown out, and 
dipped into a vessel of oxygen gas, while the witk iein,im‘» red hot, 
it instantly rekindles with a slight ev[)losJon, and bums with great 
hnlhriney If soon withdrawn and blown out, it in,iy be revived 
again in the smne manner, and the expcnnient he lepealcd scvei.il 
limoi 111 the same gas. Lighted hniler hums witli llaiiie in oxigeii, 
and red-hot* charcoal with brillunt scmtill<ilions. Bunimg siilpliiir 
mtroduccil into tins gas in a little hemisjiliciital cii]i of iroii-iilate 
with a wire attached to it, bmns with an a/ure blui llaiiic ot cou- 
..ulerublc intensity* Phosphorus introduced into oxjgeu m the same 
manner, burns with a dfUi/liiig light of the greatest splciidoiu, 
particularly after ithc pliosphorus boils <ind rises tliiougli tin gas m 
vapour. Indeed, ail bodies which burn in air, burn witli increased 
vivacity m oxygon g.is. Even iron wire m.iy bo burned in this g.te 
Pot tins purpose tlim harpsichord wiic should be coded about a 
cylindrical lod into a spiial form. The rod being withdrawn, a piece 
of thread must be twisted about one end of tlie wire, and dqipcd into 
melted sulphur , the other end of the wire is to be fixed into a cork, 
so that the spiral may liang vertically The sulphured end is then to 
be lighted, and the wire suspenilcd in a jar of oxygen, open at the 
bottom, such as that represented m fig 95, page 293, supported 
Upon ail earthenware plate Thewiic is kindled by the sulphur, .lud 
burns with an intense white light, tlirowmg out a number ol sparks, 
or occasionally allowing a globule of fused oxide Ip lall, while the 
wire itself continues to fuse and burn till it is entirely consmned, or 
the oxygen is exluiusted. The expemueiit forms one of the most 

• nj-^xAf lo prove tlint a dose npprovimation h<u been made tn the true Jriisdy of tins gas 
an importiint datum The wrlwr dUcmuuntion of XI \l Tlulong and llcr/dius wns 
1103 6 (ibid 1U30, 2c scr t xr p 3S6) According to M llegiiniilt Ihcvstight ot 1000 
cubic centimeters (1 liter) of ovjgtn gns, at OS'” i', biiroinctcr 20 9i iiilIils (7C0 milli- 
meters), isl 4208 gnunme lienee, 1000 o c bEing i iiiiid to Cl 028 English r inilies, and 
1 gramme to J.5 4440 English grams, 100 cubic inches of oxygen, at tin sptLilitd 
temperature and pressure, weigh 36 1390 grams C<ileiilating w ith lb gniull’'- 1 <« (Ik i< nt 
for the expansion of air (page 12), 1 volume of oxygen will buomc 1 0‘)701 \o1iiiiib, 
at 60°, and 100 cubic inches of oxygen will weigh 34 1898 grams it that tunix-raluiL 
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beautiful and bnlhaiit in chemistty. Tltc globules of fused oxide urc 
of ao devated a temperature, that they remain red-hot for some tunc 
under the surface of water, and fuse deeply into the substance of the 
stoneware plate upon which they fall 

Oxygen gas is respirable, and indeed is eonstantly taken into the 
lungs from the atmosphere m ordinary respiration. ^Vhen a portion 
of dark blood drawn from a vein is agitated with this gas, the colour 
becomes of a fine vermihon red. The same change occurs in the 
blood of hving animals, during rcsjuration, from the absorption ol 
oxygen gas, winch la required to mamhiiu the animal heat A small 
animal, also, such as a mouse or bird, lives four or five times louger 
m a vessd of oxygen than it will m on equal bulk ol air. But the 
continued respuation of this gas in a state of punty is injurious to 
animal life A rabbit is found to breathe it without inconvenience 
for some tune, but after an interval of an hour or more' the circula- 
tion and respiration arc much qmckened, and a state of great excite- 
ment of the general system supervenes , this is by and by followed by 
debihty, and death occurs ui from six to ten hours The blood is 
found to be highly florid in the veins ns well as the arteries, and, 
according to Broughton, the heart continues to act strongly after the 
breathing has ceased 

Oxygen may be made to unite with all the other elements except 
fluonne, and forms oxides, while the process of uniting with oxygen 
IS termed oxidation. With the same element oxygen often unites in 
several proportions, forming a senes of oxides, winch are then dis- 
tinguished from each otlicr by the diflercnt prefixes enumerated under 
Chemical nomenclature (page 113). Many of its compounds are 
acids, particularly those which contain more than one equivalent of 
oxygen to one of the other clement, and compounds of this nature 
are those which it most readily forms with the non-metalhc elements ; 
such as carbonic acid with carbon, sulphuTous acid with sulphur, 
jihosphonc acid jyith phosphorus. But oxygen unites in preference 
With smgle equivalents of a large proportion of the metalhc class of 
elements, and forms bodies winch are alkahne or have the character 
of bases such as potash, lime, magnesia, protoxide of iron, &c. A 
certiUn number of its compounds are neither acid nor alkahne, and 
are therefore called neutral bodieu'. such as the oxide of hydrogen or 
Water, carbonic oxide, and nitrous oxide. The greater number of 
these neutral oxides are also protoxides. 

It has already been stated that in a classification of tlie elements 
oxjgeii does not stand alone, but forms one of a small natural family 
along with sulphur, selenium, and teUimum. These elements also 
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form acidj basic^ and neutral classes of compounds, witli the same 
bodies as oxygen does, of which the sulphur compounds are well 
known, and always exhibit a well-marked analogy to the correspond- 
ing oxides. Oxygcn-acida umte with oxygen-bases, and form 
neutral salts so do sulphur-acida with sulphur-bases, selciuum-acids 
with sele nium -bases, and telluniun-acids with tcllunum-bases. 

The combinations of oxygen, like those of all other bodies, are 
attended with tlie evolution of heat. Thu result, which is often 
overlooked in other combinations, in which the proportions of the 
bodies umting and the properties of their compound receive most 
attention, assumes an unusual degree of importance in the combina- 
tions of oxygen. The economical apphcations of the liglit and heat 
evolved m these combinations are of the highest consccpience and 
valut, and oxidation alone, of all chemical actions, is practised, not for 
the value, of the products it affords, and indeed without reference to 
them, but for the sake of the incidcut.il phenomena attending it Of 
the chemical combinations, too, wluch we habitually witness, those of 
ovygen are infimtely the most fret|uent, winch arises from its constant 
presence and interference as a constituent of the atmos^ihcrc 
Hence, when a body combines with oxygen, it is said to be burned , 
and instead of undergoing oxidation, it is said to sutler unnbustwn , 
and a body wluch can combine with oxygen and emit luvit is termed 
a combustible. Oxygen, m which the body burns, is then said to 
support combustion, and called a supports of combustion 

The heat evolved in combustion is definite, and can be measured. 
With this view it is einplOyed to melt ice, to raise the teiujieraturc of 
water from 32° to 212°, or to convert water into steam, and its 
quantity estimated by the extent to which it produces these effects. 
The heat from the oxidatiou of a combustible body is thus foiiiul 
to be as constant as any other of its properties Despret/. obtained, 
by such experiments, the results contained m the following table — ■ 


HEAT rnOM COMBUSTION. 


1 


pound of |iu e, ( hiircoal heats from 32“ to 81 2°, 

— ■ LliiiTtiiol from wood — 

— baked wood •— 

— woodco'itain]ii(;20pcr Leut ufwattr — 

— bitumiiiuus coal * — 

— turf . — 


76 pounds of water. 
75 — 

8(1 

27 — 

CO — 

2') to .SO — 


alcohol . , 

oUte ^ J, wax, &c 
clbcr 
hjdrogin 


07 5 — 
00 to 05 — 
80 — 

236 1 — 
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The quantity of heat evolved apiicars to be coimeeted uith the 
proportion of oxygon consumed, for the greater the u'eight of oxygm 
with M'hich a pound of any combustible unites, the more heat is pro- 
duced The following results indicato that the heat depends exclusively 
upon the o\\gon consiiivncd, four different combustibles in consuming 
a pound of ovygcii aflbnling nt.«ly the same quantity of heat . — 

llfcAT Ol' COMBUSIION. 

1 pouiul of with li)(lnij?culicat3 from Si" to 212“, 29] pounds of n.ikr 



\t]th chairful 

— 

29 


uitli iliuhol 

— 

28 

— 

uitll ctlicr 

— 

28^ 


The quantity of combustible consumed in these experiments varied 
coii'-idenibly, but the oxygen being the same, the heat evolved vi.is 
luvirly the s<mic also lint w hen the same quantity of oxy gen 'con- 
verted phosphorus into phosphoric acid, exactly twice ils uiuch heat 
was evolved, according to Desfirct/, as m tlic former exjienments 
The superior vivacity of the combustion of these and other bodii's m 
pure oxygen, compared with air, depends entnely U|)on the lapidity 
of the process, and the larger quantity of combustible oxidated m ,i 
given time A caudle bums with moic light and heat m oxj'gcii 
than 111 air, but it consumes proyiortionally faster 

Oxidation is often a very slow process, and imperceptible m its 
progress — as in the rusting of iron and tariiislmig of lead cxjiosed to 
tlic atmosphere The heat being then evolved in a gradual manniT 
13 instantly dissipated, and nevei accumulates But w hen the oxide 
formed is the same, the nature of the change effected is in no way 
altered by its slow'iicss. Iron oxidates rapidly when introduced iii a 
state of ignition mto oxygen gas, and lead, in the form of tlic lead 
pyrophoruSj which cont<ims that metal in a liigli state of division, 
takes fire spontaneously and bums m the air , circumstances then 
favouring the rapid progress of oxidation. 

Oxidation may also go on with a degree of rapidity sufficient to 
occasion a sensible evolution of heat, but without tkine aud open 
pombustion. The absorption of oxygen by spiritaouc Lquora in 
becoming acetic acid, and by many otlicr organic substances, is 
nlw ay s attended with tlic production of heat. The smouldcnug com- 
bustion of iron pyrites and some otter metallic ores m the atmosphere, 
is a phenomenon of the same nature. Most bodies which bum with 
flame also admit of being oxidated at a temperature short of redness, 
and exhibit the phenomenon of low combustton Tlius, tallow 
throw n upon an iron plate not visibly red hot, melts and undergoes 
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oxidation, diffusing a pale lambent flame only visible iii the dark 
(Or C. J. B. Wilbams) If the tallow be heated in a little cup willi 
,1 wire attached, till it boils and catches fire, and the tl.unc then 
be blown out, the hot tallow will still continue m a state of low com- 
bustion, of which the flame may not be visiblti but wlii/Ji is sufficient 
to cause the renew al of the high combustion, if the cup is imiiicduitely 
introduced into a j.ir of o\ygeii g,is A candle newly blown out is 
sometimes rekindled m ovygeii, although no jioint of the wick 
remains visibly red, owing to the coiitimianee of this low combustion 
\\n»CTi a coil of tlim pl.itinum wire, or a piece of ])lcuitiuum foil, is 
fust heated to redness, and then hehl over a vessel cont-iming etlier 
or hot alcohol, the vapours of these subbtaiiccs, mived with the air, 
oxidate upon the hot met.iUic suifaee, aii<l mn\ sustain the vessel at a 
T< (1 l*‘at for a long time, w'ltUoiit the occurrence ot combiislioii with 
flame Thc«product, however, of the low eombiistioii of these bodies 
IS pceuhar, as is obvious from its pungent odour 

Cumhiislion in ait — Tlie afliint> for oxygen of all ordiiiarj com- 
bestiblos IS gieatly*[)romoled by heating tliem, and is indeed r.iiely 
d< v< loped at nil except at a high tenipeiatiiio Jleiue, to deteiinnic 
the ( ommeiiceinci^ ol combustion, it is commonly neet ssaiy tli.it the 
combustible bo heated to a ccilain point Ihit tlu^ degree ot beat 
JK'rcssriry to inflame the combustible ib in general greatly nifcnor to 
wliat IS evolved duiiiig the progress ot the combustion, so that a 
(ombustible, once inflamed, mamtams itself bufficieiitly hot to con- 
Imue buining till it is entirely tpiisuincd Here the difference may 
be observed between combustion and sun|)le ignition. A bnek 
Jieated till it be red-hot in a furnace, and taken out, evliibils ignition, 
hut lias no me.ins within itself of sustaining a high temjicraturc, and 
oooii loses llio heat which it luid aripnrcd in the fiic, and on cooling 
IS found uiicliaiiged 

The o\.icl,'ible cnustii uents of wood, coal, oils, tallow, wax, and 
.ill the ordinary conibu‘'tiblcs, aie the s.ime, n.miely, earbon and 
hydrogen, which in combining with ovygen, at a Ingh tenqicra- 
turc, alway>-jproducc carbonic acid and water, volntih' bodies, winch 
disappear, forming part of the acnal column that nsos from the 
hurniiig body. The constant removal of the ^iroduct of oxidation, 
thus effected by its volatility, grcjjtly favours the progiess of com- 
bustion in sueli bodies, by permitting the free access of air to the 
unconsumed combnstiblc The intftrfeience of air in combustion 
IS obvious ffon. the facility with which a fire is checked or exiiiiguislied 
when the supply of air is lessened or withheld, and, on the contiiiM'j 



302 


OXYGEN 


revived and animateil when the supply of air is increased by blowing 
up the fire. Tor the oxygen of the air being consumed in combimng 
with the combustible, a constant renewal of it is necessary. Hence, 
if a lighted taper, floated by a cork upon water, be covered with a 
bell jar having an openigg at top, such as that m wluch the iron-wire 
was burned, the ta^ier will bum for a short time witliout change, then 
more and more feebly, in proiiortion as the oxygen is exhausted, and 
at lost wiU expire. The air remaining in the jar is no longer suitable 
to support combustion, and a second lighted taper mtroduced mto it 
by the opening at top la immediately extinguished. 

In combustion, no loss w'hatevcr of ponderable matter occurs, 
nothing IS annihilated. The matter formed may always be collected 
w ithout difRculty, and is found to li.ivc exactly the weight of the oxygen 
and combustible together which have disiippcared The most simple 
illuslrtilions of this fact arc obtamed in the combustion of those 
bodies wdiicli afford a solid product Thus when two grains of phos- 
phorus arc kmdlod m a measured volume of oxygen gas, they are 
found converted after combustion into a quantity of white powder 
(phosphoiic acid), w'liich weighs grains, or the phosphorus ac- 
quires grams , at the same tunc 7 } cubic mclie^ of oxygen disap- 
pear, which weigh exactly grains In the same way, when iron 
wire is burned m oxygen, the weight of solid oxide produced is 
found to be equal to that of the wire ongimdly employed added to 
that of the oxygen gas which has disappeared. But the oxidation of 
mercury affords a more complete illustration of what occurs m com- 
bustion. Exposed to a moderate degree (if heat for a considerable 
time in a vessel filled with oxygen, that metal is converted mto red 
scales of oxide, possessing the additional weight of a certain volume 
of oxygen which has disappoaicd. But if the oxide of mercury so 
produced be then put mto a small retort, and reconverted by a red 
heat mto oxygen and fluid mercury, the quantity of oxygen eimtted 
is found to be the same as had combined with the mercury m the 
first part of the operation, thus proving that oxygen is really present 
in the oxidircd body 

The evolution of heat, which is the most striking phenomenon of 
combustion, still ic]nai,ns to be accounted for. It has been referred 
to the loss of latent heat by the combustible and oxygen, when, 
from the condition of gas or liqnud, one or both become solid after 
combustion , to a reduction of capacity for heat, the speciflc heat of 
the product being supposed to be less than that of the bodies bumed; 
and to a discharge of the electricities belongmg to the different bodies, 
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occurring m the act of combination. But the first two hypotheses 
are manifestly insufficient, and the last is purely speculative Tlie evo- 
lution of heat during intense chemical combination, such as oxidation, 
may be rexcived at present as an ultimate fact , but if we choose to 
go beyond it, we must suppose that the heat ejists in a combined and 
latent state lu either the oxygen or combustible, or in both; tliat 
c.ich of these bodies is a compound of its matenal basis with heat, 
tlie whole or a definite quantity of which they throw off on combin- 
ing^ with each other Heat, like 
other matcnal substances, is liere 
supposed not to evince its pe- 
culiar properties wdiile in a state 
of combination with other matter, 
blit qnly wlien isolated and free 
This view glues a hteral chaMctcr 
to the Apressions — liberation, 
disengagement, and evolution of 
beat during combustion The 
lihenomeiion, it is to be rcra(‘m- 
bered, is not confined to oxida- 
tion, but occurs in an equal 
degree in combinations without 
owgcn, and indeed to a greater 
or less extent in all chemical 
combinations wliatcvcr. 


Pure oxygen has not as 
yet found any considerable 
application in the arts. 
But by the chemist it is 
applied to support com- 
bustion with the view of 
producing intense heat A 
jet of this gas from a gas- 
holder (fig 97), thrown 
upon the flame of a spirit 
laijp, produces a blow- 
pipe flame of great in- 
tensity, adequate to fuse 
platinum. Or, if coal- 
gas be conducted to the 
oxygen jet (fig. 98), and 
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the gases kiTidlcd as they issue together, aflame is produced of 
equally high temperature WJicre a large quantity of oxygen is 
requiicd, as in this ajiplic.itiou of it, the gas may be obtained by 
hciitiTig o\i(le of maiigcinese in .1 e)linder of cast iron supported over 
n furusici', liki' tlie rctirt for ro<d g.ws Tlic c.deined oxide does not 
rcgaiii its oxygen nheu nftei wards expo'>ed to tlie air, as \ias oiiec 
8 up])osed, but would still be of some v.ilue 111 the preparation ol 
clilonne 

Ozuit(^ — Vriien olectiic sparks arc taken through jicrfectly diy 
oxygen, a small portion of the gas siccpiires new properties, iiccorduig 
to A de 1.1 liivo, rind is snpjioscd bj Jicr/blius to p.iss into an alki- 
tropic condilion, in uliich it is luined tv/oiic from the peculiar odour 
it possc!?scs, and nhicli is someulial inelallie 111 character The oxy- 
gen evolved from tlie decomposition of iv.itcr 111 the voltaaieter 
(p.ige 2 S 9 ) has the same odour But the most ready mode of pro- 
ducing it IS to pliice a few sticks of plujsjdioius m a quart bottle 
containing a little M.ilei at the bottom of it While thestuksof 
phosphorus undergo the low combustion and an: luminous, produc- 
ing fumes of pliosplioious .icid and absorbing niuch oxygen, they 
give use to the appo.u.incc of ozone 111 the air kf the bottle 111.1 
inaiuier not <it present undei stood 

Tins substance has never been obtained 111 <1 sipar.ito slate, butiiir 
impregnated with it .acts very iniicb as if a ti.ue of cliloime g.is were 
present, wliidi o/oiie .ippcars to resemble In o/oiiized .air, ]).iper 
nnpregiiated willi a solution of njdide of pol.issiiim iinmedi.itely 
becomes bumii fiom the bbd.ition ot lodnie, also p<iper containing 
a solution ot sulphate of niaiigaiiesc soon becomes brown or black, 
lioin the formation of binoxide of iiuingaiiose Tlie s.ame air made 
to slicain tlirongli a solution ot tlie yellow-ten ocj'anide of pobussiiiiu 
couvorls it into tlie led fei nc) .mule 0 /onc appears to be a gas not 
sensibly dissolved by w.ilei It is dcstiojed by a beat of 110 °, by 
contact with olefi.int gas^ .md siuh other lijchoc.irbons os combine 
with chloniu', by ])liospliorus, or icduced siKcr In the lattei c.ise 
nothing .ippoars except oxide of silvei It passes, 1 ^jnd, through 
dry and poious stoneware, and is tluieforc not likely to be merely nii 
elertrii.il grouping ol giseous molecules Professor Sclioiibc 111, who 
ii.imecl this subst.nue, and ha^ iiui^le it the object of many iinesliga- 
fioiis, considers it to be a vobitile peioxidc of hydrogen 
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SECTION IL 

HYOUOGEV. 

Equivalent 1, a* the basis of the Ilt/dvogen Scale, or 12.5 
^£j;{ = 100), m/mbol II, density {air 1000); combiiuny 

nieasme \ | ] {two lulmnes) 

Hydrogen gas, which w as long confounded W'lth other inflammable 
airs, was first correctly described by Cavendish, m 1766. It does 
not exist uncombmed in nature ; at least the atmospheic does not 
contain any appreciable proportion of hydrogen. But it is one of 
the elements of water, and outers into nearly every organic substance. 
Its ifiune IS derived from v^up, water, and ytwaw, 1 give nse to, 
and refers, to* its forming natcr when oxidated. 

Preparation — This element, although resembling oxygen in 
being a gas, appears to be more analogous to a metal in its relations 
to other elements *^y heating oxide of mercury, it is resolved into 
ox j gen and mercury, and several other metallic oxides, surh as those 
of silver and gold? are susceptible of a similar decomposition But 
some others are depnved of only a portion of their oxygni by the 
most intense heat, such as binoxide of manganese , and many, such 
as the protoxide of lead, are not dccomjiosed at all by simple calcina- 
tion By Igniting the latter oxide, however, mixed with cliriicoal, its 
oxygen goeji off in combination \Mh caibon, as carbonic oxide, and 
the lead is left. The oxide of hjdrogen or water is similarly aftected. 
Potassium and sodium brought nito contact w'ltli it, at the teiuiiero- 
tiirc of the air, combine with its oxj'gcii, and are converted into the 
oxides potash and soda, niul lijdrogcii is consequently liberated. 

Iron and many other metals decompose ivatcr, and become oxides, 
at a red heat. Hence, hjdrogen gas is sometimes procured by triuis- 
mitting steam through an iron tube fdlcd until iron hirmngs, placed 
across a furtiaoe and heated red-hot (fig DO) 
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The vapour is obtained by boihng water m the small retort a, and 
the gas produced by its decompositiou collected m the usual manner 
at the pneumatic trough. But it is iiecesssry to have a flask h be- 
tween the iron tube aud the trough, to prevent an accident from the 
water of the trough finding access to the red hot tube, in the event 
of (xmdcusatiou of the vapour in a. 

Some otlier fompounds of hydrogen arc dccomjiosed more easily 
than uater, li) iron and vine The chloride of liydiogen or hydro- 
chloric acid IS deeoinpo&ed by these imdals, and cvolvi's hydrogen at 
the ordinary tempei.iture of the air But this ga.s is more generally 
obtmned by putting pieces of Kinc or iron into oil of vitriol or the 
concentrated sulphuric acid, diluted with six or eight times its bulk 
of water The hydrogen is then derived from the decomposition of 
the proporlum of wnti i luliuiatcly united with the acid, .is illustrated 
111 the follon iiig diagram, /me being used, and the quantities ex- 
pressed — 


iternre (luomjHmlion 


49 011 of Vitriol, or 
sulphate of 
water 

82 5 Z ^mc 


Hydrogen . 1 - 

Owgeii 8 

Sulph'iiK acid dO 
Zanc . • . .32 52 


-iL. 


81 52 


81 52 


Aflcr dcrompoaition 

1 Hydrogen. 


feo 52 Sulphate of 

oxide of/, me 

81 52 


Or by symbols — 

11 0-f S Oj and Zu O + S i\, and H 

( 

The /me dissolves iii tlte acid with efl’ervescence, from the eseapo of 
liydrogcn gas. It \mU be observed th.vt the products aftci dccomjio- 
bitioii, iiiciihoiK'd in the last coluiim, hydrogen .ind sulphate of oxide 
ot /me, <ire sniiiliu to those before decomposition, m tlie first column, 
zuic and sulphate of w.itiu , <iiid that the cliaiigc occurring is siinjily 
the auhstitutum of /me for hydrogen lu the sulphate ol water The 
large cpnintity dl water used with tlic acid is useful to dissolve the 
sulphate of zmo formed 

Zme is generally preferred to iron, in the preparation' of hydrogen, 
and IS previously giai^ilated, by being fused in a stone-ware crucible,* 
and poured into w ater , if slicxit zme be used, which is better, it is cut 
into small pieces The common g^s retort may be used in the exjien- 
ment, or a gas-bottle, such as the hall-pound plual (fig 97), with a cork 
having two porfomtioiis fitted with glass tubes, one of wluch descends 
to the bottom of the bottle, .iiid is terminated externally by a funnel 
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for introducing tlie acid, whilst the 
other 18 the exit tube, by which the hy- 
drogen escapes. With an ounce or two 
of zinc in it, the bottle is two-thirds 
filled with watgr, and the undiluted 
a<id added from time to time by the 
funnel, so as to sustdiu a continued 
eflervescence Xo gas escapes by the 
V funnel tube, as its extremity within the 

vv bottle IS always covered by the fluid 
NV To produce large (juantities, a lialt- 
g.dlon stone- ware jar may be mounted 
as .1 gas bottle, with a flexible metallic 
j)ipe fitted to the cork as the exit tube Tins g,js may be collected, 
like oxygen, either in over the pneumatic tiough, or in the gtis- 
lioldei [j'lio first jar or two filled will contain the air of the gas- 
bottle, and tliercfore umst not be considered as pure liydrogon One 
ounce of zinc is foiii^d to cause the evolution of G15 cubic mclica of 
hydrogen gas, 

Pioperties — Hydrogen gas thus prepared is not absolutely pure, 
but contains traces of sulphiurettcd hydrogen and carbonic acid, 
w Inch may be removed by agitating the gas w itli liine-vi atcr or caus- 
tic alkali. It has also a jiarticular odour, which is not essential to 
hydrogen, as the gas evolved from the amalgam of sodium, acted on 
by pure water without acid, is jv^rfectly inodorous. An oily com- 
pound of carbon and hydrogen, wduch appears to be the cause of this 
odour, may be separated in a sensible quantity from the gas prepared 
by lion, by transmitting it through alcohol Of the pure gas, water 
does not dissolve more than 1 J per cent of its bulk. Hydrogen has 
never been bquefied by cold or pressure 

Hydrogen is the lightest substance in nature, being sixteen times 
lighter tliaii oxygen, and 14 4 limes lighter than air, 100 cubic inches 
of it weigh only Z 14 grams Soap-bubbles blown witii tins gas 
ascend in thf^ atmosphere, and it is used, as is w'ell known, to inflate 
biillooits, which begin to rise when the weight of the stull of which 
they are made and the hydrogen together, ara less than the weight 
of an equal bulk of air. A hghf^bag is prepared for making this 
experiment in the cliamber, by distending the lining membrane of 
the crop of the turkey, which may wfigh 35 or 36 grams, and when 
filled with hydiogeu, about 5 grains more, or 41 grains , the same 
bulk of air, however, would weigh 50 or 51 grams, so that the little 
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balloon when filled with hydrogen has a buoyant power of 9 or 10 
grains. Larger bags are prepared for the same purpose^ of gold- 
beaters’ skm. Sounds produced in this gas were found by Leslie to 
be extremely feeble, much more feeble, indeed, than its ranty compared 
with air could account for. Hydrogen may be taken into the 
luiiga without mconveiiienco, when mixed with a large quantity 
of air, titlin g m no way deleterious ; but it does not, bkc oxygen, 
support respiration, and therefore an animal pl.'iced in pure hydro- 
gen soon dies of suffocation. A lighted taper is extinguished iii 
the same gas 

Hydrogen is eminently combustible, and burns wlien kindled m 
the air intli a j'ellow flame of little intensity, mIucIi moistens a dry 
glass jar held over it, the gas combining with the oxjgcii of the air 
in burning, and producing water. If before bemg kindled the gas 
18 first mixed with enough of air to burn it completely, or with be- 
tween two and tlirce times its volume, and then kindled, the combus- 
tion of the whole hydrogen is instantaneous and attended with explo- 
sion With pure oxygen, instead of air, the cx)>kjsion is much more 
violent, p.irticularly when the gases arc mixed in the proportions of 
two volumes of hydrogen to one of oxygen, which are the proper 
quantities for combination. Tlic combustion is not thus propagated 
through a mixture of these gases, wdien either of them is in great 
excess The sound in such detonations is occa- 
sioned by the concussion which the atmosphere 
icceivcs from the sudden dilatation of gaseous mat- 
ter, in tins case of steamy which is prodigiously tx- 
pniidcd from the heat evolved iii its formation. 

A musical note may be produced by means oi 
these detonations, when they are made to succeed 
each other very rapidly. If hydrogen be generated 
111 a gas bottle (fig. 98), and kindled os it escapes 
^from an upright glass jet having a small aperture, 
the gas wriU be found to burn tranquilly; but on 
holding an open glass tube of about ^two feet m 
length over the jet, like a clumney, the flame will 
be elongate! and bccoinc fiickeniig. A succession of little detona- 
tions 18 produced, from the gas b^g caTriod up and mixing with 
the air of the tube, which follow <ach otlier so quickly as to produce 
a continuous sound or musical note. 

beveral circumstances affect the combmation of hydln^n with 
oacygeu, which are unportont. These gases may be mixed together in 
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a glass vessel, and preserved for any length of time without combin- 
ing But combination is instantly determined by flame, by passing 
the electric spark through the mixture, or even by introducing into 
it a glass rod, not more than just visibly red-hot. Hydrogen, indeed, 
is one of the more easily inflammable gases. • If the mixed gases be 
heated lu a vessel containing a quantity of pulverused glass, or any 
sharp powder, they begin to unite m contact with the foreign body 
in a gradual manner without explosion, at a temperature not exceed- 
ing 660®. The presence of metals disposes them to unite at a still 
lower temperature ; and of the metals, those winch have no disposi- 
tion of themselves to oxidate, such as gold and platinum, occasion 
this slow combustion at the lowest temperature. In 1824, Dobe- 
remer made the remarkable discovery that newly prepared spongy 
platihum has an action upon hydrogen mixed with oxygen, indepen- 
dently of ^ts temperature, and quickly becomes red-liot when a jet of 
hydrogen is tlirown upon it in air, combination of the gases being 
eflccted by tlieir contact with the metal In consequence of this 
Ignition of the pla^Hlum the hydrogen itself is soon inflamed, as it 
issues from the jet. An mstrument depending upon this action of 
platinum has beefl constructed for producing an instantaneous light. 
Afterwards, Mr. Faraday observed, tliafc tlie divided state of tlie 
platinum, although favourable, is not essential to this action, and 
tliat a plate of that metal, if its surflicc be scrupulously clean, will 
cause a combination of the gases, accompanied with the same pheno- 
mena as the spongy platinum. This action of platinum is manifested 
at temperatures considerably below the freezing j)omt of water, and in 
an explosive mixture largely diluted with air or hydrogen Spongy 
platinum, made into pellets with a httic pipe-clay, and dried, when 
introduced into mixtures of oxygen and hydrogen will be found to 
cause a gradual and silent corabiiiatiou of the gases, in wlutevcr 
proportions th^ arc mingled, which wiU not cease till one of them is 
completely exhausted. The theory of this ellect of .platinum is very 
obscure. It belongs to a class of actions depending upon surface, not 
confined to «that metal, and by which other combustible vaporous 
, bodies are affected besides hydrogen. 

The flame of hydrogen, although so slightly luminous, is intensely 
hot , few combinations producingaso high a temperature as the com- 
bustion of hjdrogen. In the oxi-hydrogcn blow-pipe, oxygen and 
hydrogen ^ascs are brought by tubes o and A (fig. 99, p. 310), from 
different gas holders, and allowed to mix immediately before they 
escape by the same orifice, at which they are inflamed. This is most 
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safely effected by fixing a 
jet for tile oxygen witlnn 
the jet of hydrogen (fig, 
100), so that the oxygen 
19 introduced into the 
middle of the flame of 
hydrogen — a eonstruction 
first proposed by Mr 
Maugham, and adapted 
to the use of cosd-gas 
instead of hydrogen by 
Mr PunioU * Eatli of 
the gases may be more 
conveniently contained in 
a sejiarate ail'-tight bag of 


Fio ion 



Macintosh doth capable of holding from 4 to 6 cubic feet of gas, 
and provided witli jircss-hoards 'IJicsc require to be loaded witli 
two or thiec 'iGlhs , when m use, to send out the gas with sulli- 
Fir 101 ciciit pressure At this 

fliinie the most refrac- 
tory substances, such 
as pipc-clay, silica and 
platiiium,are fused with 
facility, and the latter 
even dissipated m the 
state of vapour. The 
flame itself, owing to 
the absence of solid matter, is scarcely luminous, but any of the 
less fusible earths, upon which it^is thrown,— a mass of quick-hme, 
for instance («, fig 99), — la heated most mtensely, and diffiises a 
light, winch, for whiteness add bnlliancy, may be compared to 
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that of the sun. Witli the requiaite supply of the gases, 
this light may be sustamed for hours, care being taken to 
move the mass of lime slowly before the flame, so that the same 
surface may not be long aeti'd upon, for tiie high irrailwtiiig 
power of the line is soon unpaired, it is puppostd from a. shglit 
agglutination of its particles occasioned by the heat. This light, 
placed in the focus of a parabolic leflector, was found to be 
visible. 111 the direction in which it was thrown, at a distance of 
60 miles, in one experiment m<ule by Mr Drummond, when using it 
as a signal light The heating elhxjfs are even more inteti'-c when 
the gfises are forced into a cominoii rceeptricle, and allowed to escape 
from under pressure, but there is the greatest risk of tlic flame jiass- 
ing hack through the exit tube and exjiloding the mned gases , an 
accident which would expose the opeiator to tlic greatest diiiiger 
Mr Heiipnlng’s apparatus, howovei, may he used willioiit tlie hast 
nppreliension A common bladder is used to hold tlic mixture, and 
the gas before reaching the )et, at which it is burni'd, i->ma(le to p.iss 
liirough his safe<y'^\ibc Tins consists ot a brass c 3 bndiT .dioul six 
iiielies long and fths of <m inch wide, filled wi(b tine brass wire 
of the same length, winch is tightly widged by forcibly inserting a 
pointed rod of metal into the centre ol the hiiiulle 'I'lic eouducling 
jiower of the metallic cliamicls through which the gas has then to 
piiss is so great as completely to iiiteieepi the piissnge of flame A 
sitmlar safety tube of sm<illcr si/c is interposed at h, in fig 99, ot the 
first arrangement. % 

Hydrogen is capable* of forming two compounds with oxygen, 
namely water, which is the protoxide, and tlic bmoMile ot hydrogen 

The most important ot the present applications ol hjdiogcu gas is 
ui the oxi-hydrogen blow-])iiH' It has been superseded, ,is a m.itcrial 
for inflating balloons, by coal gas, the balloon being pioporlionally 
enlarged to compensate for the less buoyancy of the lattu gas. 


PROTOXIDE OF HYDROGEN — WATER 

Equivalent 9, oi 113 5 on th" oxygen male, foimtila Il + O, 
or 110, densitg 1, ute^ni^'il (an 1000), lomlnning 
measure of steam j j | - 


Mr. Cavendish first demonstrated, in 1731, that the product of 
the combustion of hydrogen and oxygen is water lie binned 
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known quantities of these gases in s dry glass vessel, wid found that 
water was formed in quantity exactly equal to the weights of the 
gases which disappeared. It was afterwards established by Huinboldt 
and Gay-Lussac, that the gases unite rigorously m the proportion of 
two volumes of hydrogen to one volume of oxygen, and tiiat the 
water produced hy their umon occupies, while it remains in the state 
of vapour, exactly two volumes (page 143). The proportion of the 
constituents of water by weight was determined with great care by 
Berzelius and Bulong. Their method was to transmit dry hydrogen 
gas over a known weight of the black oxide of copper, contained in 
a glass tube, and heated to redness by a lamp. Tlie gas was after- 
wards conveyed through anotlier weighed tube containing the hygro- 
metne salt, chloride of calcium. The hydrogen gas in passing over 
the oxide of copper, combmes with its oxygen and forms water, 
which Is carried forward by the excess of hydrogen gas, and absorbed 
in the chlonde of calcium tube. Tlie weight of this water being as- 
certamed, the proportion of oxygen it contains is determined by 
ascertaining the loss which the oxide of copper^i^as sustained . the 
difference is the hydrogen. 

The apparatus for such an experiment is illustrated in the following 
diagram (fig 102). The oxide of copper to be reduced is contamed 
in r, a small flask of hard glass, having two openings, and heated 
by a spirit lamp This flask communicates with another, G, in- 
tended to receive the greater part of the water produced in the experi- 
ment, which IS followed by a bent tqbe II, containing fragments of 
pumice soaked in oil of vitriol, intended to receive the lost portions. 
The hydrogen gas for this purpose must be very pure, and thoroughly 
dry. It IS evolved slowly from a gas-bottle A, and passes through a 
second bottle B, and the bent tube C, both containing a concentrated 
solution of caustic potash , and afterwards the bent tube D, contam- 
iiig a solution of chlonde of mercury m pumice * and lastly through 
the bent tube I', containing oil of vitnol in pumice, proceeding thence 
entirely purified intoF, and the excess of hydrogen gas escaping by 
Numerous most careful experiments, lately executed in this manner 
by M. Dumas, prove that water consists exactly by weight of — - 

Oxygen . . . 88 9l . .8 

fiydiogen . , 11*09 . . 1 

* I — ■ 

100-00 9. 

The oxygen and hydrogen arc therefore combined exactly in the 
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proportion of 8 to aa appears lij the proportiona of the last column, 
'rhia expeiiitient serves not only to determine ngorously the composi- 
tion of wateTj but ilAoiTcra also the best method of ascertaining the 
composition of sucli metallic oxides as arc de-oxidwed by hydrogen. 

"When cooled down to 32°, water freezes, if m a state 
of agitation, but may retain the bqmd condition at a lower tempera- 
ture, if at rest (page 42) j the ice, however, into which it is con- 
verted cannot he heated above 32° without melling Ice is lighter 
than water, its specific gravity being 0.916 ; and one of the 
forms (fig 103) of its crystal is S rhomboid, very nearly resembling 
Iceland spar. 


Fio 108. 



Water is elastic and Compressible, yielding, aceardiiig to Oersted, 
53 millionths of its bulk to the pressure of the atmosphere, and, 
.like air, in proportion to the compressing force for diflerent pres- 
sures. The peculiarities of its expansion by heat, while liquid, have 
already been fully described (pa^^). Under a barometnc pressure 
of 30 inches, n boils at 212°, but ewporates at all inferior tempera- 
tures. Its Jjoilmg point 18 elevated by the solution of salts in it, 
and the temperature of the steam from these solutions is not con- 
stantly aia°, as has been alleged, but that of the last strata of liqmd 


314 


HYDItOQBN. 


through which the steam has passed. "Wlien mixed with air, the 
vapour of water has a tendency to condense, it is said in vesicles, 
which inclose air , forming in this condition the masses of clouds, 
which remain suspended in the atmosphere from the lightness of the 
vesicles, the substance of mists and fogs, and " vapour" generally, 
in its popular meaning The vesicles may be observed by a lens of 
an inch focal length, over the dork surface of hot te.v or coffee, mixed 
with an occasional solid diop which contrasts with them According 
to the experiments of Saussure, made upon the mists of high moun- 
tains, these vesicles generally vary in size from the l-4500th to the 
l-2780tli of an inch, but are occasionally observed as large as a pe.» 
They are genordUy condensed by their collision into solid drops, and 
fall as ram , but their precipitation m that form is much retaided in 
some conditions of the atmosphere It is jiropcr to add, howf’evei, 
that Prof J Porbes and several other eminent meteorologists dis- 
believe entirely the existence of vtMcular vapour 

It was lately discovered by Mr Grove that the vapour of water is 
decomposed to a small but sensible extent by /ri exceedingly high 
temperature, and resolved into its constituent gases. If a small ball 
of platinum, of the si/e of a large pea, with a wne attached to it, 
be heated m the flame of the oxi-hydrogeii blow-pipe to bright 
whiteness, and till it begins to show symptoms of fusion, and tlu'n 
plunged into hot m atcr, iniimte bubbles of gas nse with the steam, 
which consist of a mixture of oxygen and hydrogen. Only a sm.sll 
portion of the bteam, not amounting to even one-thousandth part of 
the whole jiroduced (it is supposed), suflers decomposition. The 
occurrence of a decomposition in such circumstances, which is un- 
questionable, ajipcars singular, seeing tliat oxygen and liydrogoii 
certainly combine at the same, or even a higlicr, temperature m the 
flame of the blow-pipe, which is employed to heat the platinum ball 
The combustion m the blow-pipe may, indeed, be incomplete, but 
this is unlikely, for I find that when the mixed gases arc exploded 
in a glass tube, the combustion is so complete that certainly not one 
part in four thousand, if any portion whatever, escapes^ combustion. 
It is a question whether the decomposition of the steam by ignited 
platinum is not an exhibition of the deoxidizing action of light rnthci 
than the effect of lieat , the bloW-pipe flame itself being scarcely 
visible, while the decomposing .platinum, although necessarily of a 
lower temperature, is higlily incandescent. 

A cubic inch of water at 62®, Bar 30 inches, w'eigh.s in air 
2.52 458 grains. The imperial gallon has been defined to contain 
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10 pounJa avoirdupoie (70,000 grains) of distilled water at that 
temperature and pressure Its capacity is therefore 277.19 cubic 
inches. The specific gravity of wa'er at 60° is 1, being the unit to 
which the densities of all other liquids and solids arc conveniently 
referred; it is 815 times heavier than air at that temperature. 

In its chemical relations water is eminently a neutral body. Its 
range of affinity is exceedingly extensive, water forming definite com- 
pounds, to all of winch the name hydrate is applied, with both 
acids and alkalies, with a large proportion of the salts, and indeed 
with most bodies containing oxygen It is also the most general of 
all solvents. Gay-Lussac has observed that the solution ot a salt is 
uniformly attended with the production of cold, whether the salt be 
anhydrous or hydrated, and that, on the contnu'y, the foimatioii of a 
defiihte hydrate is always attended with heat a circumstance which 
indicates jiiu* essential difference between solut ion .md chemical com- 
bination * Even the dilution of strong solutions of some salts, such 
ns those of ammonia, occasions a fall ot temiieraturc The solvent 
power of water for 1 jost bodies increases with its temperature Thus 
at 57° water dissolves one-fouith of its weight of nitre, at 92° one- 
half, at 131° unequal weiglit, and at 21~° twice its weight of that 
salt. Solutions ot such salts, saturated at a high temperature, 
deposit crystals on cooling But the crystalluation of some saturated 
solutions IS often suspended for a time, in a remarkable manner, and 
afterwards determined by slight eauses Tlius, it two pounds of crystal- 
lued sulphate of soda be dissolwd iii ofte pound ot water, with the 
assistance of heat, and Che solution be filtcied while hot througli 
paper, to remove foreign solid ])article»s, and then set aside lu a glass 
matras*^, with a few drops of oil on its surface, it may become per- 
fectly cold without cryst.ilh/atiou occurring Yiolenl .igitatioii even 
may not cause it to crystallize But when any solid body, such os 
the point of a glass rod, or a grain of salt, is introduced into the 
solution, crystals immediately begin to form about llic solid nucleus, 
and shoot out in all directions tlirough the lujuid The solubility of 
many salts oi soda and lime does not increase with the temperature, 
like that of other salts 

Water is also capable of dissolving a ccrftiin quantity of air and 
other gases, which may again be expelled from it by boiling the 
water, or by placing it in vacuo Eam-watcr generally affords 
per cent of its bulk of air, in which the proportion of oxygen 


* Aun de Ch ct dc Pliys t Ixx j» 407 Set also page 318 of Ihis work 
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gas la BO high as 32 per cent., and m water from freshly melted snow 
34.8 per cent, according to the observations of Gay-Lussac and 
Humboldt, while the oxygen m atmospheric air does not exceed 
21 ])er cent. Boussmgault finds that the quantity of air retained by 
water, at an altitude of 6 or 8000 feet, is reduced to one-tbird of its 
usual proportion. Hence it is that fishes cannot hve in Alpnie 
lakes, the air contained in the water not being in adequate quan- 
tity for their respiration. The following tabic exhibits the absorba- 
bility of difibrcnt gases by water deprived of all its air by ebul- 
btion — 


100 cubic inches of water at 60° 

and 30 Bar., absorb of 


Dalton and Henry. 

Sausanre 

Iljdrosulphuric acid 

100 C. 

I. 

, 253 

Carbonic acid 

100 

* 

. 1Q6 

Nitrous oxide 

100 

• 

. 76 

Olefiant gas . . 

12.6 

• 

. 15.3 

Oxygen 

3.7 

<4 

. 6.6 

Carbonic oxide 

1.56 

• 

. 6.2 

Nitrogen . . 

1.66 

V 

0 

. 4.1 

Hydrogen 

1.66 

k 

. 4.6 


The results of Saussure are probably nearest the truth for hydro- 
Bulphnno acid and nitrous oxide, but for the other gases those of 
Daltou and Henry are most*to be depended on. 

Uses , — Boui received after it has continued to fall for some tune 
may be taken as pure water, excepting for the air it contains. But 
after once touching the soil, it becomes impregnated with various 
earthy and organic matters, from which it can only be completely 
purified by distillation. A copper still should be used for that pur- 
pose, provided with a copper or block tin worm, which is not used 
for the distillation of spirits, as traces of alcohol remaming in the 
worm and becoming acetic acid, cause the formation of acetate of cop- 
per, which would be washed out and contaminate the dittilled water. 
The use of white lead cement about the joimngs of the worm is also 
to be avoided, as the bxide of lead is readily dissolved by distilled 
water, ^hc first portions of th* distilled should be rejected, as 
they often contam ammoma, and the distillation should not be earned 
to dryness. 

Water employed for economical purposes is generally submitted to 
a more simple process, that of filtration, by which it is rendered clear 
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and tmnspa^nt by the removal of matter mechanically suspended in 
it. Such foreign matter may often be removed m a considerable 
degree by subsidence^ on which account it is desirable that tlie water 
should stand at rest for a time, before being filtered. The filtration 
of liquids generally is effected, on the small scale, by allowing them 
to flow through unsized (Tr filter paper, and timt of water, on the 
large scale, by passing it through beds of sand The sand preferred 
for that purpose is not fine, but gravelly, and crushed cinders or fur- 
nace clinkers may be substituted for it Its function, as that also of 
the paper in the chemist’s filter, is to act as a snjqtot t for the finer 
p.irticles of mud or precipitate which are first detiusitcd on its sur- 
f.ico, and form the bed that really filters the water. When the mud 
accumulates so as to impede the action of the sand filter, the surface 
of tlie sand is scraped, and an inch or two of it removed. 

• Fig 104 



Pig 1 04 18 a section of the water-filter, as it is usually constructed 
for public works m Lancashire An excavation of about six 
feet 111 depth, and of sufficient extent, is lined to a considerable 
thickness with well puddled clay, to make it water-tight Upon 
the clay floor is laid first a stratum of large stones, then a stratum 
of smaller stones, and, finally, a lied of coarse sand or gravel, L L. 
To allow thif air to escape from the lower beds, small upright tubes, 
^ open at both ends, B and C, are inserted in these beds, and nsing 
above the surface of the water W W. The filtered water enters, from 
the lowest bed, into a large open yon cylinder A, the lower part of 
which 18 perforated for that purpose. The filtered water stands at 
the same height in the gauge tube I) as in A ; this height is observed 
by means ot a float balanced by a weight which traverses a scale of 
feet and inches at D. 
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Upward filtration through a bed of aand is sometimes pjachsed^ hut 
it has the disadvantage that the filter cannot be cleaned m the manner 
indicated, rdtering under high pressure, and with great rapidity, has 
been practised in a very compact apparatus, consisting of a box, not 
above three feet square, filled with sand Tins filter, which becomes 
speedily choked with the mud it detains, is cleansed by suddenly 
reversing the direction in which the \i atcr is passing through the 
box, winch occasions a shock that has the cflect of loosening the 
sand, and allowing the w'ater to bnng away the mud The action of 
such a filter, erected at the Ilotel-Dicu of Pans, was favourably re- 
ported on by M Arago* 

Matter actu.illy dissolved in water is not aifected by filtration "No 
repetition of the process Mould withdraw the salt from sea- water aiul 
make it fresh. Hence the impregnation of peaty matter, which mver 
water generally contains, and to the greatest extent m summer, M'hen 
the water is concentrated by evaporation, is not removed by filtenng 
Amiual cliarcoal is the proper substance for discolounng liquids, ;is 
it withdraws orgamc colouring matter, even w^n m a state of so- 
lution. 

In the process of clarifying liquors by dissolving in them the white 
of egg and other albuminous fluids, the temperature is raised so as 
to coagulate the albumen, which thus forms a delicate net- work 
throughout the liquid, and is afterwards tlirown up as scum in 
the boiling, carrying all the foreign mutter siispeudcd m the liquid 
along Mith it 

Gelatine, isinglass, or other “fimiigs," sdded to wine m a turbid 
state, produce a precipitate ivith its tannin, which carries down aU 
suspended matter, and on the settling of this precipitate, or its 
separation by fiUcriiig, the wine is found tiausparent 

The most usual earthy impurities m water, occasiomiig its hard- 
ness, are sulphate of lime, and the carbonate of lime dissolved in 
carbonic acid, both of which arc precipitated on boiling the water, 
and occabioii an earthy incrustation of the boiler 

So far .IS this precipitation is due to carbonate of bn^jp it may be 
avoided by adding hydrochlorate of ammonia to then' atcr, by winch 
the Iinic is converted into cldonde of calcium and becomes soluble’ 
Water contaiiung carbonate of linje may be also softened by the ad- 
dition of lime-water, as recommended by Professor Clark. Thames 
water requires for tins purpose the addition of about one-fourteenth 
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of its bulk of lime-water. This action of lime water will be ex- 
ybuned under carbonic acid. 

Wben waters contain iron, they are termed chalybeate this metal 
ii? most frequently in the state of carbonate dissolved m carbonic 
acid, and rarely in a proportion exceeding one gram m a pound of 
water The sM^>Aa»oi/A waters, which arc recognised by their pe- 
culiar odour, and by blackening silver and salts of lead, contain 
hydrosulphunc acid m a proportion not exceeding the usual 
proportion of air in spring water, and generally uo oxygen. Saline 
ivatcrs for the most part contain vanous salts of Ume and magnesia, 
and generally common salt Tlitir density is always considerably 
higher than that of pure w'atcr Sea-uuiet coiituiiis per cent, 
of saline matter, and has a density 1 0274 Its composition is in- 
teres^ng, as the sea comes to be the grand depository of all the 
soluble miittgr of the globe A minute analysis of the watci of the 
English Channel, executed by Mr Schweitzer, is subjoined — 


er of the Knglisti Cliaimcl 


Grams 

Water 

• 

004 71372 

Chloride oj. sodium 


. 27 05048 

potassium . 

« 

. 0 76552 

magnesium 

» 

. 3 60658 

llromidc of magnesium 

• 

0 02029 

Sulphate of magnesia . 

• 

2 2057H 

lime . 


1 40002 

Carbonate ot lime 

* 

0 03301 

- 


1000 0000 


In addition to those constituents, distinct tr.ices of iodine and of 
ainmoma were detected * Accoiding to Iholc’ssoi Eorcliammei, the 
wliole quantity of s<ihnc mattoi in water trom different paits of the 
Atlantic varied from 35 7 parts ((iennan sea) to 36 0 pints (tropics) 
111 lOOC parts of tlie water The relative proportion ot tlic s.ilts in the 
Water of different seas varied very little t 

BI> OXIDE OF HYDllOGEN 

Equitalent, 17, or 212.5 on Oxygen SctAc , formula 11 + 20, 
oj HOa , 

Tile second compound of hydrogen and oxygen is a liquid, coin 

* ■* Phil Mag 3d Series, Vol xv imgc 58 
t UcirarU of the Unliah. Association, 1840, page SIO 
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taming twice aa much oxygen as water, and is a body possessed of 
very extraordmaiy properties. It was discovered by Thcnard, in 1 81 8, 
who prepared it by a long and intncate process, 

Pt epai ation — ITie formation of the binoxidc of hydrogen depends 
upon the existence of a corresponding binoxidc of barium. The 
latter is obtained by calcimng pure nitrate* of baryta at a high tem- 
perature in a porcelain retort, and afterwards exposing the earth 
baryta or protoxide of barium, which is left, in a porcelain tube 
heated to redness, to a stream of oxygen gas, which the protoxide 
rapidly absoihs, becoming bmoxide Treated with a little water the 
hinoxide of banum slakes and falls to iiowdcr, forming a hydrate, of 
winch the formula is Ba -|- H O Dilute acids have a peculiar 
action upon this hydrate, which will be easily understood, if Ihc 
bmoxide of barium is represented as the protoxide united with an 
additional equivalent of oxygen, or as Ba O -I- 0 They combine 
with the protoxide of banuin, forming salts of baryta, and the second 
equivalent of oxygen, instead of being liberated in consequence, 
unites with the water of the hydrate, the Hpt of the preceding 
formula giving rise to IIO + 0 or the bmoxide'^ of hydrogen, whieli 
dissolves ill tlio water Although it would be mconveiuent to aban- 
don the systematic name bmoxide of hydrogen for this compound, 
still it must be allowed that the projierties of the body, as w^ell as its 
mode of preparation, arc more favourable to the idea of its being a 
combination of water w'lth oxygen, or ovi/f/ptiated water, as it was 
first named by its discoverer, than a direct combination of its ele- 
ments It IS recommended by Tliciiard to dissolve the bmoxide ot 
banum in hydrochloric acid considerably diluted with water, and to 
remove the baryta by sulphuric acid, whicli forms an insoluble sul- 
phate of baryta The hydrochloric acid, again free in the liquor, is 
saturated a second time with bmoxide of banum, and precipitated , 
and after several repetitious of these two operations, the hydrochloric 
acid itself is removed by the cautious addition of sulphate of silver, 
and the sulphurib acid of the last salt by sobd baryta Such is an out- 
line of the process, but its success reqmres attention to a number 
of minute precautions, wluch arc fully detailed in tSe Traitd dc 
Chemie of the author quoted*. The weak solution of bmoxide of 
hydrogen, which tlus process affords, maybe concentrated by placing 
it with a vessel of strong sulphuric acid under the receiver of an 
air-pump, until the solution atiaius a density of 1.452, when the 


• Vd I page 479 of the flth edition 
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hiiioxide itself begins to rise m vapour without change it then 
contains 475 times its volume of oxjgeii 

Jkf Pclouzo abiulgcs tins juoccss cousiderdblj bj cm])lo)ing Indro- 
fluono dcitl oi fliiosihcic acidj m place of li^drocliloiic acidj lo do- 
coinpose tin* biiioxide ot barium By tins operation, the baijta 
sep.uatrs at once with the acid, m llie state of the insoluble iluoiidi 
of barium, and nothing lemains in solution but the biiioxide ol 
Indiogcn Aftei thus decomposing scieicd ]K)itioiis ol bino\ide ol 
baiiuin successive!} in the same Ii(|noi, the Jluondc of barnun may 
be sepaiatcd by Idtiation, and the bnio\idc ol h}diogen, whicJi is 
still dilute, be conconliated h} means ol the aii-pnmp 

ibu/ve; /ics — -Biiio\ide of li^diogeii is a eolouik'ss iKpiid icsom- 
bliiig viatei, blit less volatile, having i mel.dhe ta^-te, .nid inslanlly 
ble.u lung litmus and otliei oigaiin eoloiiimg maltius Itisdieoiii- 
posed with exlii'ine lanlilv', i lleive-'Ciiig lioin iMapi' ol ov^gen at a 
tempor'i.lifre ot 5')°, <iiid ulien suddeiih e\))OM‘d to a gie.ili r lieal, 
siuh as 212”, actiedly csploding fiuiii tlic i.ijud LVoliitiou ol ili.it 
ga' It Is rciideied more pcimaniut hv ililntiou witli waUi, and 
'■till iiiuie so hj the addition ol tlic stunmti ai nb, v\ hile alLdies 
liiivf the o])po&ite elicct 

Tlu cii( umstances allending the doiomposition ol this bod} are 
tin most cuiious facts in its ln>-toiv Main piiic mLt.ds and iiut.ilbc 
ovidis iKiasioii its iiistaiitanemis icsohilioii into vvatei and ovygeii 
gas, b> simple contai t, without iindeiginng an} change tluniseUes, 
■ilfoidnig a stulviiig illustration ol catal}sis (page 2 > 1) , anil this 
d( ( onipositiori may i \cite an intense tempi laliiie, the gl.iss Inbi' in 
wlneli the ( \peiinieiit is made sometimes hi lomiiig led hoi iSoino 
jiiotoxidcs absoib at the same time <i poition ot fhi’ owgeii evolved, 
.nid aic raised lo a higliei degiee ot oxidation, but most of tin m di, 
not, and ccitain oxides, smlias the oxidis ol mIvu and gold, aie 
ledueod to the metallic slate, then own oxigin going oil' along with 
tliat o'" tlie binoxide of ii}drogen TJie dei oinposition ot tliese 
iinlallie oxides cannot he ascrihid to the IumI evolved, foi oxide ot 
‘-liver IS reduced in a veiy dilute soliilioti ol the hinoxide ol h}(lio- 
gin, althoiign tlic decomposition is not tlieii attiiieled with a sensible 
''!< Vdtion of temjicr ituie The metallic oxides wjnch aie decomposed m 
tills remaikahle inaimei are ongmally loimedby the dec omposition of 
other compounds, and not by tlTe dmet union of then eh ments, 
wliith. 111 fact, exhibit little altiiuty,foi eaeh otlui In this ginei.d 
fharacter t^jev agree with binoxidc of hydrogen itself 

list's — The bmoxidc of hydrogen is a substance winch it is ex- 
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cecdingly desirable to po'sses's, with the view of employing it in blcacli- 
lug, and for other purjioscs, as a powerful oxidating agent liul 
the expense and uncertainty of the process for ))rei)aniig this coin- 
pound have hiilierto pii vented any apjilication of it in the arts, oi 
even its occasional use as a chemical re-agent. 


SKCTTON irt 

NITROGEN. 

Hyitoymc, a7<np Ryuii 11, oi 175 (0 = 100), N , 

37, tomhi/tuty iitc(tst/ie | | | 

Dr Jluthcrfoid, of Kdinbnrgh, examined the air whifh lemairis 
after Die nspii.ihon of an annuRl, and found that after bmlig w allied 
with hinc-watcr, whicli reinoies rarbonic acid, it was mcapublc of 
supporting either combustion or respiration He conchided tint) it 
was a peculiar gas Lavoisier aftiTwards cliscov(*red that this gas 
exists 111 the air of the atmosjJicre, jonning indeed 4<-5tlis of tlail 
mixture, and gave it tlic name a/ote, (from a, privative, and i'wi; ]if(>), 
from its inahihty to suppoit respuatum It was afterwards named 
nitrogen by Cli.ijital, because it is an element of nitric acid Iksidts 
existing in iiir, nitiogcn lorins a constituent ol most animal and ol 
many vegetable substances In a natural iirningimeiit of tlie cle- 
inciits, nitrogen apjieais to have its jilace b(twc>en oxygen and 
jihosphonis (page 173) 

— Nitiogeii IS generally proeiued by allowing a com- 
bustible body to eonibine with the oxygen of a certain cpiantity ot 
air conhind in a vcs^'o! h'or that purpose a little metallic or jiorce- 
lain cup may be (loated, by means of a cork, on the surface of the 
vvatei-trough A lew drops of alcohol are then introduced into the 
cup, or a small 'piece of phosphoras is placed mit, and being kindli'd, 
a tall bell jar is held over the cup, with its hp in the water I’lie 
conihustion soon tciiinnalcs, and the water of the txou^n nses in the 
j ir Alcohol does not consume the oxygen entirely, a small portion . 
of it still remauiing mingled with the nitrogen ; a certain quantity ol 
carbonic acid gas is also produced* by its combustion But the com- 
bustion of phosphorus exhausts the oxygen completely, and Icxives 
nitrogen unmixcd with any other gas , 

Nitrogen may be likewise conveniently obtained by conducting 
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rliloniio giis into dilutctl fiiTimoTiici For drliriito piirpo'srs of ro- 
s(',iich this ifns IS best prepared by f.irrjing air throuj'li a tube hlleil 
with reduced uietalhe copper in a piiKi ruleiit loim, and healed to 
rcdnc&Sj by which tlie oxvgeii is eiiiiiely absoihed 

Piopi — jVitioifeii If, IS is tasteless and iiiodoi oils , ]i.isiu\«'i 
been Injududj and is Ic'ss soluble iii watei tli.m owifin Lt is ,i 
liltle litfhfc'i than an, whieli posMsc,, the iiieaii deiisilj of 7*1 1 
uihinu'b oi iiitioffen and 20 *) vobiines ol o\\gni Nitiogen a 
-.iiiifiilarb melt substaiu e, and does mil uiiiIl dincllv willi .un otliei 
sniifli' eluiieiil, so hii as i ,iui auan-, unde i tin lulliieiice ul hylil oi 
of a hiifh tompeutuie, unless, piihaps, owifcii lud (aihoii A 
hufUiint tnper is nist.mtlv e\(ni;fiMsli( d m tins if is, and an annn.d 
soon dies 111 it, not hcv.iiisi llu ifas is iiijuiioiis, hut iioiii llic piiva- 
luiii ol oMiftii, which is H tjiiiii d 111 llie Kspnilum ol aiiiiiials 
Ndiou;<ii ,'piK'ajs to Ik clnelK useful iii (he aliiiosplu u, as a diiiieiif 
of tin oMifc 11, theiebi ie|nessiiiir (o a ei it.nii deujieelhe ac 1nif t ol eoin- 
huslioii and other oxidatinif in 0(1 sses 01 llii' liv itioii ol tieenitio- 
m 11 of pi, lilts, llieie is no o\id('iue When lu,iled with owifeii, iiilio- 
L'( 11 doisiiot hum lik(> h\dio!f( 11, 1101 uiulei'Jio oMihitioii Ihit nil loifen 
ni,n he ni.idc' to^ iiiiifc with owifeii 1)\ li.insiinlliiuf s( \ i lal Iniiidud 
(lutiK sp,iiks thiou<fh a inixtme ol tliise trases m a Inin, with 
walei or an dk.ili piesi nt, and luliic ,itid is piodiu i tl I’ln \\,ilii 
loiinedin the (onilnistioii ol ImJioifi ii ni an, oi ol ,i ini\lmi ol hidio- 
iten and mtioifen in 0x1:5011, has oKeii an ,i( id hmcIioii, wIiuIi is due 
I't.i traei ol iiiliie ,u id Ibit when Die h\dro>fen is iiiixid with ,111 
m ( x( ess, so as to inexcMtt gie,ii eli v.ilioii ol It iiipi nilnu diiinufllii 
< omhiislion. 111! oxidation ol llu nil logc 11 does not Like place (kolhe) 
^'lllu iieid is ilso a piodiiot ol Hi o\id,ition ol .1 v.uni} ol com- 
]iouik1s ootilaiiiiiig niliogeii Annnoiii.i mixed wilh <ni, on p.issinif 
o\(' sponif>' pl,ilimun ala tenipc lalme ol ahoni -i? is di c oiiiposi d, 
and the niliogc'ii it c oiiLims is toinpli li 1) emuiitul mio mliK .uni, 
In ciiiiibmmif with the o\\geii ol ihe an 0\ inoifi 11 ,md in, imdei 
siiml.u circ umstaiiec “ 1 , occ,isioii the toiinilioii ol nitiu ,md < 11 lion ic 
Kids’' IViliK acul lb also laigily jnoducid by thi' oxnkiLion ol 
riig.nnc iiKittois duimg piitretaction m an, when an alk,di 01 Imn is 
[iiesoidj a"-, nithe uatiii d nitre soilb and aililii i.d nilie beds 

A suspicion has alwajs existed (hat niltogeji ma} be a componncl 
body, hut it has resistixl all attempts I 0 decompose il, ,md llu i\i- 
deiiu; ol its elementary cliaiaclei ^ cc[iuilly good with lli.il ol mosl 


* Iviililinnn, J’hil Alaj? iA Suns, \(il xiv pi^e I "i7 
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other bodies reputed simple Jleforc considcmig the compounds of 
nitrogen with oxjgeii, we insij notice tlie properties of atraosphcnc 
air, which is regarded <is fi meehanicdl misturc of these gases 


TFIE AlMOSPlll Uli 


According 1 0 llie new and most caieful determination of the weight oi 
air by ^1 ilegiiaiih, 100 (nine iiiehes ot atmnsplienc an, deprived ot 
acpieoiis \ ajioiir and the Mii.illfpiaiilitv of< aibomc aciditusiiallyeoiitanis, 
weigli 30 S2n20 giaiii", at GO*^ aiiddO Bai Its deiisitj at the s.iim 
tempoialiiie and |uc'^iiic is i •slnii.itcd at 1000, and is c onvciiu ntl\ 
assumed .is the si, 111 ( 1 , 11(1 (if (oinpaiiMm loi the densities of gaseous 
liodtes, , 1 s w.itu is foi solids and lu|iiuls llencL, at 02°, air is MO 
tunes Iiglitu than wall i, and 1 l,()0t) limes lighter than nuiwiii^ 
The bulk of an vanes with its ttiiilHi.itiiie ,iml the piessine atlerlmg 
it, nrrouling to lli< same laws as olliei gas(s (p.iges 12 anti 7"i)'^ 
The intau ])iessiiie ot the .itmospheio at the suifacc ot the «f,i is 
geiiciallj estim.itt (I as ( filial to the weight of a eohiinii of meremy 
of dO melies m lieight, wlutli is iboiit 15 pounds on the sgiune 
null of suit It (, and is ujnn.ilent to a rnlinmi oi w.iter ot iiiaily 
31 feit m lieight Tlu' oxjgcii .done is ifpial to a column ol 7 S 
Jeet ol watei ovei tlie whole eaith'b suil.ui', liom which an idea m.iv 
he ionned ot tin iniimnse ((n.nilil\ ol tli.il element, and how siil.i 11 
the itleet must he ot the o\ielitiiig pioeesses obscived at the e.ntli's 
siiiLvce in dnnmisliiiig it If the .itniospheu weic of iiiiiloim 
deiiMtv, its lieight, as viileiied fioiii the b.uoiiietiT, would bi 11,000 


* I ttutillioi' I FjItt tt Of Gases, 
i( All 

11^ Jiumii 

( jrlKmu ,Vul 


il 0 ^ , Oni 0 inriti (Itigiiiull) 

In (.1 imDiiH 
I 

1 250167 
1 420803 

0 OSOITS 

1 977411 


IJ 1 iciir OF 100 (’ 

'unir iM^iirs of Gases , Uar 

29 03 iiKhes 


At S 2 * F 

At^() 0 » F 


In Grams 

In Crains 

Alinosphcni Air 

32 -58084 

30 82926 

E itrogi n ' 

31 h ()020 

29 95260 

Ovv gui 

1613896 

3418979 

lljdi .i;tu 

2 1621 f> 

2 Od'i'ii 

('ll home Aciil 

. '50 0185 f> 

47 33972 


Here tlic Premli liter is tnlirii at G1 028 English cubic inches, the graniinc al 
lFi4440 grams, ami the volume oE air nnO the other g.iscs, al 00°, '1 05701, then 
volume at 32° being 1 
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tiinci) 30 iiiclics, or 5 20S milc<», but the dciisil) of an bdiiir pm. 
j)oi Lioii.il to the jire'i'^uie U|)ou it, tlimiiiiishes Mith iLs I’lei.ition, the 
<;ui)cnor bLidtcX beiiiq alw.us inoic r.no .nid c^panilcil tluii tin iiiluioi 
bti.it.1 upon which they pro'... 


DFMMIY Oi Till: ATMOSPIIUll 


above t]i( sea iii miles 


\ olnim 


0 I 


2 705 

2 

5 11 

1 

8 115 

S 

10 82 

16 

13 1.21. 

32 

16 23 

()l. 


• 

At .1 lieight of 2 705 miles (1 l,55G (eel) (lie .iliuosplieie is o( hall 
tleiisiij, bv c.dculatioii, oi 1 \ohiiui* is r\p,iiuleil inlo 2, and the 
baroruetei would sl.ind at 15 mclics , Ihe <li iisily is .i",iiii halved lot 
eieiv '2 7 inilos additional dev.ilion l'’iom talciilations loniidid on 
(lie phenomena lefi action, (he .itim)s|)heie is supposed In e\(end, 
111 .1 stale of sonsiblo density, to .i heijfht of mviily 15 miles It is 
firlamly limited, pioli.ihly fiom (he cvpaiisibility o( (he aerial p.ii- 
tnles liavjiif^ a n.itui.d limit (ii.ii'e 7b) The alinosphuie i»i.’ssnie 
‘iIsK v.irics at (lie same jilacc, fiom (he dlert ol winds and ollni 
eaiises, which ,uc not fuUy utuloistood lleme tin use ot (In 
baiomeler as a weather t;hk<s , loi wet and stoiiin wc.dliei is if( neially 
preceded by a fall of the iiu iciiiy in the baiomtln, nid (.in and 
I nlm weather by its rise 

Tlic temperature of tlie atmospheic is "leatfst at (lie i.ntli’s 
"urface, and has been obseived to dmnuisli one deu;ie( loi tveiy 
352 feel of ascciil, in the lower sliata It is hdievi'd, liowivii, Ih.il 
(lie pioirrossivc diniiniil ion is less lapid .i1 ^re-it disj.iiu ( s tiom the 
earth Hut at a eertani height, the legion of peipitiial (ongel.dioii is 
.(ttained rv'-n in the wannest rhin.ites , the sinnimls of the Andes, 
iihidi rise 21,000 tcit, bung pirpdnally covciul witli snow imdei 
the equator Tho line of perpctu.il rongidalion, wlucli h.is been 
liAed at 15,207 feet at 0° l.ititudi;, descends pi ogressivcly in liighei 
hititudes, bemg 3,818 teet at 60", and only 1 016 feet ,it 75° TJie 
decrease of temperature with elcvafiou in the atmosphere is asr iibcd 
to two causes 1 To the property which air has of huonmig 
cold by expansion, which arises fiom an inticasc of its lalciit lie, it 
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With rai cffidioii The attii.il tomjM'Kilurc' ot tlio (liilcrcnt str.iia eil 
llic .iliTiosj)]ur( IS ijitlt'i'd belicxod in be lliat flue to tlieir filial .Uioti, 
snp])Os]iig tliat Ibe^ li.ul all Hit same oiigiiial teni])cratuio anil 
(Iciibity as tbe lowest btiatiim 2 To tbe cncunistaiieo tlial. tlu 
atinospliCTe derifcs ils beat pinui|)a!ly from contact witli the eailli\ 
surface The snn\ rays ajipeai to sullci little .ibsoqituui in passnnr 
lliroiigli tbc alinosplure, but time are some obsi rvatioiis on the 
loiff ol soLii radiation wliifb aie not easil\ lefontilid w'ltli that rii- 
cunistanee A tlieimoini b t, ot wliuli tbe bulb is bbu konedj uses 
a feilaiii iHimbfi o( digitis alien e the ti iiiiieiatuii ol the in, 
wlmi ( \]iosed to the snii, but the use is (b< iilulb giiatei on liitfb 
iiioiiiil.iins th.in iifai tbe level of tbe sia, and in tinipeiate, oi i\iii 
aiitu flnnatts, wlntli IS inoit leiiiailv ible, tb.in williin tbe (lojiics 
It IS a t|nestioii bow solai laibation is obstinclcd in the hiMlii 
fliinatfs* ' ^ 

Tbe blue (olour of tbe sk\ has beim found bj llnwsfei to be due 
to light th.it b.is snfleitd polan/atioii, Mhub is tlieiefote lelhfted 
light, lilvf the wliiti light of floutb 'I'be air of (he atniosjihLie 
niiist tluiifoie ha\e <i dispiisition to nbsoib the ltd and jellow soJai 
i.ijs, iuid to lellett tbe blue ia\s At girat Inigbts, tbe bine toloiii 
of tbe skj was observed b} Tbfodoie fic S.mssnre to beeomt' deipci 
and deepoi, bung inisfdwitb bl.iik, owing to tbe absenee ot wbile 
lelitcting vapour oi iloutls The red and goblin tints of cloiiils aiiptat 
to be foinmtftl with a itniaikablt pioptit^ of stiain obseived bv 
ibokssoi J Forbes A light sttu id nigbt tlnoiigb oteain issnnie' 
into llie .itinospluH fioin untbi a jiiessuie of trom 5 to 30 pounds 
on tbe incli, is found to <ip|Mar fit a deep oiangc led toloin, [s.itllv 
.IS if observed tbiongb a bottle loiitaiinng mlions at id v.iponi Tin 
steam, wben it posse sv^s tins colom, is iiiiMtl with nir, and on tlie 
verge ot foiidens.ihon , and it is known that tlio goldi'n lines ot 
sunset depend n]ioii a laigc piojioition ol vapour in tbe an, and are 
imbed a po])ul.i»])iogiiostic ot i.iiii f 

IViHfis — Tlic movement of masses of .nr, or wind, is always jiio- 
dueed by inc(|ualily of teniiieialun ol tlic atmospbero at dillcieiit 
ponds of tlu e.u til’s surface, oi iii difleient regions ot tbe atmosphere 
of efpi<d elevation d’l'ie pimi.uy rnovemeiit is always an astcnding 
current, the heated and evpauded a». over some spot rising in a ver- 
tical column Dense and colder air flovis towards that point, pro- 

• DimibH’s Mcleorologienl I'issys, 2(lulit ^ 

t Pliil Mug ‘Id Stncs, wd xiv pp 121 and 425, iiid vol \v pp 25 and ItU 
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(lucnig the horizontal current whicli is remarked by an observer on 
ihe earth's surfiice Some winds aic of a very limited lange, and 
lUpciid upon local circumstances, such are the sea and land biee/e 
evponenccd upon the coasts ot tiopical countiics From i(s low 
conducting power, the surface ol the laud is moie rpiieUy heated 
lliaii the sea, so that soon after sumise the cxpaiidetl air ovei the 
loimer begins to ascend, and is replaced by colder air from the sea, 
foiiiiitig the sea bree/c. J3ut after sunset, the carl it's heat, being less 
in cjiiaiitity, is more quickly <lissipatcd by radiaitoii than that of (he 
sea, and the air over the land becomes dcii^-e and lions onUiards, 
di.'jil.vcing the air over the sea, and producing the land breeze It is 
obvion.. that these infeiior cunents must be attended by a 
cm rent in an opposite direction, or (li.it tlie an in Ihesc winds is 
canrt'd in a pcrjieiidicular vortex ol no gieat evtciit, of which tin, 
motion ft'vcrsed twice every twenty- tour houis A grand move- 

ment of a similar nature is prodnicil in the atmo.'pln le, fiom tin 
liigli temperature of the equatonal compaud with the iiol.ir ugioiis 
it the globe, the au over the fouuer constantly ascending, and 
Iiaving its place supplied by horizontal rmients fioin Ihe l.ittei, 
witliuithe lower region ol the atinosplure I lent e, il the eailli weie 
at rest, the wind would coiistautly blow at its suitace, fioiii tlu' polls 
to the cijuator, and in the opposite diiecfion iii thoup])erstiala oitlie 
atmosphere But theeaitli, accoinpanied by its .itinosplieie, makes a 
diurind revolution upon its axis, iii wbicli <iiiy point on its sml.iee is 
always passing to apoiiit in spae^. pievioiisly to I In' i asl ol it, and w illi a 
velofity proportioiul to its cucle ot latitude on (lie globe, a vclonly 
wlncli IS consequently nothing at the poles, and alt, nils its m.ivimiim .it 
theeqiiator The result of this is, that the low et (iiiiiiitoi |>()lai stiiam, 
111 tending to the equator, is const aid ly pas-^iiig ovei jiai.illelsol latitude 
which have a grcatir dcgiec of velocity ol lotatimi to (lie east, lli.iii 
the stieain itself, which comes tlms to be felt d" a leost.iiice liom the 
e.ist, and instead ot appcnnng as a wind dinctly fiom the north, as 
d really is, this stream appeals as awind lioin the e.ist, with a cc'rtam 
northeily decimation, which diinmishes as the stii.ini .ippioaclies tin- 
ecjuator, where it Hows directly fiorii the east, constituting the great 
tjadc-wmd vvluch constantly blows across the Atlantic and Pacilic 
Oceans from cast to west witluii the tropics Our keen cast winds 
m spimg have a low temperature, wluch attests tlieir arclir origin 
J’he upper or equatorial current Iftis its course deflected by similar 
causes, sfrU-tiUg from the equator it has a gieatcr projeitih foiie to 
tlie cast than the parallels of latitude over whicJi it has to pass, and 
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rotAiniTig this naotion toiiarclb the cast it aj)]icars, as it passes o\er 
them, a nest Mind or Mintl from the west Tlie upper current, flow- 
ing in the ojiposite thirction from the tr.ulo-wnnl below, was actually 
experienced hy Hinuholdt and Honplainl ou the summit of the IVsk 
of Teiienlle, and has hern indicated at vaiious tunes, by the trauspoU 
of \olcamc n&hc'^ hy ils nicMii'' 

Those cniient'!, mshad ol Jlcmuig in a innfoiiii maimer over and 
under each oIIkt, ajipi ai olUii lo dc'.ecnd, and to flow bide by sidi', 
cnvintr nsc lo hot and eold M.x-'Ons m their dilleicul coiu'.eti, and the 
great vari.ihilily of eliniale of the h'lnpiiate zone On the gieal 
ocean.-, nillmi llie Ic’inpei.ite zone, wc'stcily winds preiail greatly cnei 
easterli, nliK h aie .'iipiio'-ed bv ‘-oinc to he the iqipei cinientde- 
seoiiding to the s-nrface of tlie eaith Thc^.-e luslisly' winds tenpiei 
the ehnialc ol the westeiu vea-hoaid both of lairope and Ametiea, 
which IS iniich inihhr than the cimiate of tiu'ii c!i.-t(in coasts 

The natnie of tlie rnoicmciit ot the atniospheic m hiimcanes has 
lateh received consnlciahle ducidation 11 ajipcais th.it they nun e 
in encks, and aie gieat hoii/outal voiliecs, which are piobably pio- 
diucd by cum ids of air meeting obluiiuly, like the little eddies oi 
wliirlwinds foiiued at the cornei ot slieols The vliole voitcx also 
ti.ucls, but it> movement of tianslation is slow eoinpared with its 
velocity of rotation * 

Some huinc.ines in the Unite cl Stati s Ii.i\i ,i path of only a few 
hnnclied yaids in width, but exteiuliiig (or m.iny miles An inte- 
resting tlicoryof the oiigiii of those, simt many othea loe.nl winds, h.'s 
bee'll pioposcd by ifr llspy, and f.iveiinably lepoiteil upon by 
Ji.duiu-t, to the Tieiuli Institute ^Mien a colninii ot air, satui.ited 
mth vapoiii at a Ingli temperature, .ascends in the .itmos]dicre, it 
e\ 2 Jands by the lemoval of jircssuic and becomes colder, .is happens 
with diy .nr of the same temperature But on being cooled to a 
cert.iin ^uimt of teuipeiature hy its ascent, vapour condenses in the 
formci, and r.iisiiig the temperature ot the column m.akcs it sjiccifi- 
c.illy lighte'r and more buoy aiit The ascenUof damp air has tlms a 

tondenoy to ])crpctiiate itself, and may give rise to a inQ^t powerful 
upw.ird asiiiratioii, as is. shewn by calculation, ciuite adequate to 
prostrate rrees, and ^irqclucc the mecliamcal clTccts observed, the 
whole funnel being earned over the surface of the earth by a more 
general movement of the atmosphere 

Vapour — The piopcrties of thvi atmosplicre are much afiected hy 


Colonel Belli on the laiw of Storms, also the work of Mr Espy 
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the prcsonce of watery vapour ui it, which it acquires from contact 
with the surface of the sea, lakes, rivers, and humid soil The quan- 
tity which can nsc into the air is limited by its temperature (p 90), 
and comes to bo deposited again from various causes 'I'lio si^laee 
of the earth is cooled by radialioii, and ofcasioiis the piecipil.ilion of 
dew fioin the air in contact with it Vapoui is also eondeiiscil into 
dio]is, from various .igencies within tlie .itmosphdc itself Tlu' fol- 
lowing are the jiniuipal causes of clouds and r.iiii 1 'I'lie nseciil ol 
,111 111 the atinosplicic, and itb consequent laicl.iction, wliitii is 
itteiuled with cold A cloud will be obsor\cd wiflim the leceivci of 
111 air-iJump, on tlio jilatc of wbicli a little watei lias been s])ill, on 
making two or tbrec rapid stiokcb of tlic puni]), wliicb is due to this 
(au-e It IS observdl lu operation in the loini.ition ot the clouds .ind 
mists*whicli settle on the summits of mountains Tlie wind jiassing 
o\ei the smijwp of a. level country is imp4‘deil by a mountain, rising 
111 the iiLmos]ilieie the slnain o\eieomcs the obstacle, and piodiices a 
cloud as it passes over the mountain, winch appears sl.itioiiaiy on its 
iiiuimt 2 The mixing of ojiposite currents of hot and (old air, 
liolh sat mated with huimdity, may occasion lain, fioiri the cireum- 
sl.iiiee, Inst coii](jc(uied by l)i. Hutton, that the cmiditsof air on 
miMiig and attaiiuiig a mean tcmpcraluic .uc inc.ipal)l(* of sustaining 
llie mean ([uantity of vapour Thus, siqipoMiig e((u,d volumes ol .iir 
.il <)0° and d-O”, both saturated with vapoui, to he mixed, the Idi- 
sion of Viipour at the former lemporatme being the 0 52'! lb of an 
inch ol mercury, and at the latt<;i the 0 2G3id of an iiieh, I he mc.in 
teusiou IS the 0 393rd ofaai inch Jhit the tension ot v.ipoiir at '>0°, 
the iiiteriueihate temperature is only tlie 0 375th of an null, and 
( onsequently the excess of the former tension, or vajxmr of the 
9 Ul8th of an inch of tension, must condense as ram Ihit tins is an 
ineonsulcrahle cause of ram compared with the luxt 3 Contact of 
air m motion with the cold surface of the earth, or mcie jiioxiitniy, 
ajipcais to be the most usual cause of its lefrigeial^fm, and ot tlie 
pi eeipitatiou of rain from it Tlie mean tempi ratiire of .lanuary in 
this countn is about 34°, butwitli a south-west wind the thermome- 
ic'r ma,y be observed gradually to nse an the course of 48 hours to 
54° Now supposing tins wind to be saturated with vapour at 54° 
and to be cooled to 34°, as it is^on its first arrival, the moisture 
which it must deposit is very considerable, as will appear by tlie 
following calculatioii — * 

•Tension of vapour at 54° 0 429 inch 

.. „ at 34° 0.214 „ 


Condensed 


0 215 
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The mean annual fall of rain m London mnounts to a column of 
23 inches. The quantity rollcctcd by a rain-gauge is found to bo 
affected to an exfraoiditiary extent by very moderate diflereiices of 
n1nvaj,ir>ii Tlius the annual fall of ram m three situations was 
found, by Profcssoi J Phillqis, to be as follows — 

Illlhcs Iluirhl 

Top of York Minster . 15 1)10 . 212 feet 

Hoof o( Museum . 20 dOl 73 „ 

Surface ol gioiind 24 101 0 „ 

The last stated eause of ram throws 'some hglit on Ibis moqualiU 
the air !■> more cooled near the giouiid, and therefore dejiosits iriosi 
himiidily 

The annual fall is gieattr near the eipiatoi, and dimmishes m liiLth 
latitudes At (Jranad.i (bit 12° N), it is 12(5 niches, atrabiilia 
(bit 19° 4()'), 81 mcliis. Homo, 39 inches, avei.ige_ of Kiigbiiul, 
31 irielies, St P( tcrshurgli, 1(5 inches^ llbahorg, 13} ntilies 'I'lu- 
mimher of ramy dajs follows a ddforeiit pioiioition, the aveiagi 
duimg the year hang about as follows — 

Jn Noitherii I'lnrojie ISO 

In OctiImI Eiiroj^M' 1 1 0 

In Southern Eui ope '120* 

AVlieii clouds form at teinperatuies below 32°, (he aqueous v.ipom 
IS eomeitcd m(o an mfmity of liHlc ncedle-like crjsl.ils, wlinli oltm 
diverge from Ctich othei at angles of I'le 


(30° and 120°, as do also the thin 
crystals m fice/ang water Snowr 
diflers very much m the aiiaiigc- 
meiit ol these spiculre (tig 1 05), hut 
llie (lakes are all of the same coiifi- 
guratioii m the «arac stonii The 
hgnus arc essentially refeiable to a 
hexagonal star or prism, one of the 
crystalline lorms of ite litu! is tdso 
])roduced by cold, hut in ciicuni- 
slaiicis which arc eiitiicly dilicient 
It occurs only m summer or m wann 
climates, and wdien tliC sun is above 
the honzou It seems to be pro- 
duced 111 a humid ascending current 
of air, greatly cooled by rarefaction, 
wluch has an upward velocity sufli- 



‘ See MsUli s PhysiLs aiiJ MLleoiolotj^, nml Knml/’s Mclcoiology, l)\ M.illvci 
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nont to sustain the tailing hailstones at the ‘same jilace till they attain 
f oii'-ifliTAle magnitude The formation of h.iil is always attoniUd with 
(Iiiiiuler or signs of electricity, and it has been loiind that siiull 
districts may be protected fiom ito dcv.ist.itioiis by the ele\aliQii of 
many thunder rods 

J/////ys/s of ait — A kiionledgc oi tin* comiiosilion of the atiiio- 
sphiie followed that of its coiiditiient gases "Various modes of 
analysis arc piactised —1 A sink of pliosjihoius iiiliodiiced into 
a known measure of air m a giadnated tube, edicts a complete 
.ibsoiption of the oxygen in St hours On .ilicni nds wdlidiawing 
the plir,s]ilioius the iliinimilioii ol \oluine m.iy be obseived, w liicli 
always nidiCiites 20 or 21 pii rent ol owgtn 2 A known mea- 
^me oi air may bo mixed with a slight exiess o( lijdrogi ii nioie than 
siitiieient to cotnbine with its oxyirrii 100 yolnmes of an, for exiini- 
])le, with folnnies of liydiogeii, and tin imxtuie exploded in a 
silling glass tube of proper constiiii lion, by means ol tin i lei tin 
spaik 'I'lie dminmtioii ni \olunie of the gases alter eomlmstion is 
nbsiryrd, and as oxygen and hydrogi n unde in the exact latio o( 
onexolninc of the first to two voliiinesof the seroiid, oiie-thml of the 
diiiiimilioii represftiits the volunie ol oxygen in tin iiu.iMiie ol .lu 
I'liiploytd The tube used fin this jiuiiiose is called the yollaic iiulio- 
metor The syjdion eiidiometei is a eonveiiieiit instinment ol this 
kind It IS formed o( a stiaight tube modi lately stout, ot about I- Vtli 
Pig lOG or 3-Stlis of an inch niteinal di.imelei, s(sdul at 



one end, and flbout 2i inehes long The closed 
end oi I'liis tube being soltimd by heat, I wo stout 
platiiiuiii yyires aie thrust tluougb tin glass from 
op])Osite bides of tin tuhes, so that tin ii cxliniu- 
ties 111 the tube ajipioaih withm oiii teidh ol an 
inch of each otliei These aie nitindid foi the 
tr.iiibuiissioii of the elcctrn spaik, .ind aie lelannil, 
as if cemented, in the apeiliiies ot the gl iss 
when the hdlei cools One-li dl the tube next tin 


loscd end i' afterwards graduated into liundiedths ot a esibie inch, 
ind the tube is bent m the middle, like a syjihoii, as repiesenti d by 


« m the figure By a little dextinity, a poitiirti of the gaseous mix- 
ture to be exploded is transferred »to the sealed limb of tlic iiistm- 
ment, at the water or mercurial trough, and the measiiie noted with 
the liquid the same height m both limbs The mouth of the 
open brab may then be closed by a eoik, which can be fixed doyvii 
by soft copper wire A chain being now hung to one platinum 
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wire, the other is presented to the prime conductor of an clcctrK- 
machine, or to tlic knob of a chsirgcd licydcn idinil h, so as to lalic .i 
spark through the mixture, ivliich is thereby exjiloded The i isk of flu- 
tube being broken by the ex])losion, whirh is considerable in the oidi- 
nary fonn of the cudioinott-r, is complittly avoided in this mstruineiil 
by the compression of the air letained by tlie cork in the open limb, 
this air aclirig as a recoil sining upon the occuirencc of the explo- 
sion m the other limb 3 The combuslion of the imxed gases in.iy 
be detennined without cxiilosion by means of a little jicllct of spoim:) 
platimim, and the expeniiiciit can then be* coiulncted ovei incicuiy 
in an ordinary giailuated tube Another exact method of icmov- 
iiig oxjgcn from air, recommended by Gay-Lussac, is the introdmtioii 
into the air of slijis of copper moistened vvilli hythochloiic acid, winch 
absorb oxygen viith gieat avidity 

5 A solution in ammonia of the subchlorulc of copi^er, oi of aiiv 
salt of the suboxidc of tliat inctal, such as the sulplutc, ah'-oilis 
oxvgcn with great avidity, and may be used in the analysis of air 

6. In the recent careful an.dyses of air by iM Dumas, the oxjgen 
v\as withdraw 11 , by passing an over reduced inet.dlic copjiei at 
a red heat. To obt.nn the necessary precision itl tlu' lesults, tlie 
experiment was conducted in the following manner In fig 107, a h is 

Fur 107 



a tube of the difficulty diffusible or hard glass used in organic analy- 
sis, which IS filled with metallic copper (reduced from the black oxide 
of copper by hydrogen), and placed in a long trough furnace of sheet 
iron, in which it can be heated to redness throughoiA its whole 
length. The tube is provided with stopcocks at both ends, and at- 
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taclied by caoutchouc tubcb to small glass tubes By one of the<!c 
sm.ill tubes it commumcates with a glass balloon V, of about 1200 
cubic inches in capacity, having a stopcock u , and by the othei /, 
with a senes of tubes A, B, aud C Of these A is a senes of bulbs 
containing a concentrated solution of caustic potash, aud is mleuded 
for tlic absorption of the •small jiortion of carbonic acid piescnt in 
■111 , the U shaped tube B coiitams fiagincnts of pumice unpregnatod 
with tlie some alkaline solution , and tboMmilar tube C is Idled ivitb 
jnnnice impiegnatcd with oil of vitnol, in order to dij flic air 

The bidloou V is wiiglied and appfied to tlu' otliet .ipparatus in a 
\af lions state The tube a h oontaiiiiiig tlie nict.illic coppei is also 
weighed before hand Tlic tube and eopjur Ixiiig lie.ded to low 
iednt''S, i he stopcocks arc partially opened, and an .dloned to How 
111 1 giadiial nniiiiiLi into V The oxvgtn is i nliul) ab'-oibid hy the 
cojiiur, and llie weight ol tliat coiistitinnt asmtaiiud by wiigluiig 
the tube a*h after the expeiiment 'I’lii nilingen passtson alone into 
A', ,ind its M eight is foiiiul b} ag.iiii weigliing tli.it balloon A 
rie.it many analyses made iii tins w.iy gave the loUowing mean re- 
sults — 


(Hygpii 

jMitrogcn 


All l>j wtiijlit 
23 It) 
7d 5)0 


Air1>v loIiuiiL 

20 5)0 
71) 10 


100 00 loo 00 

0 

All from distant localities mid dilbreiit clcv.ilioiis has not exliihited 
■my siTisible vaiiatioii in composition 

'file theory of the constitution of mixed gasps of D.dtoii su])|)oscs 
that the oxygeu aud nitrogen of air torm independent alinosjihtn s, 
die one gas not pressing upon or interfering with llieotliei. ileaeh of 
these atmospheres weic of uniform density, tlieii heights Mould ob- 
viously be inversely as the densities of the tw o gases, iho In i^ht ol the 
nitiogeii column S, and th.it of the oxygeu 7 , and the pioportion of 
the one g<as to the other would vary with the ehw.ition The same 
variation shoidd occur in the atmosphere in its actual state the pro- 
poition being supposed 21 jirr cent at tliu level of the sea, by a 
calculation on this principle it sjiould be 20 070 per cent at a 
height of 10,000 Parisian feet, and 19 140 per cent at a liciglil of 
20,000 feet But as the inilueiicc tff the great polar and etjnaloiial 
currents is ^owed to extend to a greater height m tlie atmosphere 
than the last, and than has ever been reached hy man, it is not to be 
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wondered at that no diminution in the proportion of oxygen is oh- 
servahle in the accurate analy'-cs of air Irom the summit of tlie Paiil- 
hom (8000 feet) winch were lately made by Brunner, with the vicv 
of testing tins hyiiolhosis * 

Besides tlicse constituents, tlie atmosphere always contains ,t 
variable ciuaiitity ot watery liijiour and caibomc acid gas The pre- 
sence ol the Littci IS observed by cxjiosmg to the air a bason et 
hmc-wat(>r, winch is soon covered liy a pi'llide of caibonate of Imic 
Its pro])ortion is ascertained by adding baryta-water of a kiiniMi 
slieugth, from a gradu<it('d ]npettc, to a large bottle of the air to In 
c\aiinmd, agitating afti r each addition, till a sbj) ot yellow tuniiei « 
paper is made permanently blown by the baryta-water after agitation, 
winch proves that more ot the latter has been added than is neii- 
trali/ed liy the caiboine acid of the air The rarboino acid is, ni tlie 
equivalent propoition (by weight) of the quantity of, baryta which 
has been neuti<ili/od 

Another and pc'rhaps more exact method is to draw a large but 
known volume ol dij air through a U tube, eontaiinng pumiee nn- 
jirogiiatcd with caustic potash, and to pass it alterw.irds through a 
second IJ tube, eoiitaiiiing oil of vitiiol The inciitise of weight on 
both tubes weighed together is the proportion ol carbonic and 

fake every subject connected with the atinospheio, the propoitioii 
of carbonic' and which it contains was ably investigated by tlie 
Saussum The edder plnlosoplier of that name ditcctod the pu- 
seiice of this gas in the atmosphere resting ujiou the perjictnal snows 
of the summit of Mont lllanc, so that tliere can he no doubt that 
carbonic acid is difluscd thioiigh the w hole mass of the atmosplu le 
The younger Sanssiire lias ascertauu'd, by a sf ues of several hiiiulriil 
analyses of lUr, 11i.it tlic mean proportion of carbonic acid is 1 
volumes m 10,000 volumes of air, or almost exactly 1 in 2000 
volumes, but it varies from 6 2 as a maxmium to 3 7, as a miniiniiin 
m 10,000 volumes Its proportion near the surface of the caith is 
greater in summci lluii in winter, and during night than during d<i\ 
upon an average ot many observations It is aho rather more abun- 
dant 111 elevated sil nations, as on the summits of high mountain", 
than in the jilinns , a/hstribution oi this gas which proves that lh«" 
action of vegetation ot the surface of the earth is sullicient to kei p 
down the proportion of it in the atmosphere, within a certain Inmt t 

« 

• Poggciulorff, Uautlwortcrlmth dcrChcimc, Bd i S 570 * 

baiisaiirc, Aiiiialcs dc Cbiui ct dc Phys I xxiviii p 411 , and t sliv p 5 
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An enormous quantity of carboiuc acid is discharged from the ele- 
vated cones of the active volcanoes of America, according to the 
observations of Boussiiigault, which may partly account for the high 
proportion of that gas iii the upper regions of the atmosjihcre The 
gas cimtted from the volcanoes of the old world, according to Davy 
and others, is pnncipally hitrogcn. 

Carbonic acid is a constituent of the atmosphere which is essential 
to vegetable life, plants absorbing that gas, and deriving from it the 
wliole of their carbon Extensive forests, such as those of the 
Landes in IVancc, winch glow upon sands absolutely destitute of 
carbonaceous matter, can obtain their carbon in no otlier manner 
But the oxygen ol the carbonic acnl is not ictauicd by the plant, 
lor tlie lignin and other constituent pniiciplcs of \eg('tablcs, cont.iin, 
it ]b \\ell known, no riioie oxygen than is snflltient to lorni watci 
with their hydjrogeii, and which, indeed, has entered tlu' pLiiit as water 
The oxygen* of the c.irhonif .icid mu''t Ihereloic be returned in some 
lotin to the atmosphere 'I'lie discharge of pure oxygen gas irom 
the leaves of plants was fiist obseived by Piiestlry, and the gemial 
adion of plants upon the atmospheie has subsequently been mi- 
milely itudu (I by^lSir II l),i^ and Di Daubeny The decomposi- 
tion of cai home acid icquircs the concuneiice ot hglit, and is not 
therefore sensible during the night That plants fully conquiisato 
for the loss of owgen occoMonod by the respiiatiou ot anim.ds and 
otlicr natural pioccsses is not improbable, but tlie mass of the 
atoiosplierc is so vast that any clnnige in its composition must be 
very slovily etfcctcd It ha->, indeed, been estimated that the pro- 
poitioiiot oxygen consumed by animated beings iii a century does 
not exceed l-7200lh of the whole quantity 

Other gases and vapoious bodies .iic observed to enter the at- 
mosphere, but none of them can allcrwaids he ditected lu it, vvitli 
tile exception of hydrogen in some form, ])roI)abIy as the light 
c,irbu"**tted hydrogen of marshes, ot which Eoussnigaiilt hihevcs 
th.it he has been able to detect the presence ol .i ftiniiile hut ap- 
ppocidhle ])roportioii * He alsoobserved coiicciitrateil sulphuric acid 
to be bhickened when exposed in a glass capsule to the air, pro- 
tected from dust, and at a distance from vegetation, which lie- 
ascribes to the occasional presence iii the air of some volatile ear- 
honaceous compound which is abs5rbcd and decomposed by the acid 
Ammonia (N Ilg) also is a minute, but essential constituent otaii. 


♦ AV.uualLs dt Clam tt dt Phya Ivii 148 
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probably wi the form of carbonate It is brought down by rain, 
and IS the principal source of the nitrogen of plants 

Omitting the aqueous vajiour always jircsent m air, but of wlin h 
the proportion is constantly fluctuating, it may be represented as 
follows. 111 10,000 volumes — 


('OIII’OSITION OF DllY AIK BY VOLUME 


Nitrogen 

7912 

Oxygen 

2080 

Cal home acid 

4 

Ca linnet ted hydrogen (C Jl,) 

4 

Ammonia 

Trace 


10,000 

Of tlic odonferou-' piuiciplcs of plants, the miaMiiata^of marshes 
and ollur matters of contagion, the pK-'Cnce, although sutricu'iitlj 
obvious to th(' sense ot smell, or by their lIIccIs upon the hntnaii 
constitution, cannot be detectcil hj chemical tests ]lut it may he 
Kuiiuhed 111 rcgaid to tlieiri, that fiw (# none ot the compcffiml vola- 
tile bodies we perceuo entering the atmosphere, could long escape 
destruction liom oxidation Thi' atmosphere contains, indeed, witlun 
itself the means of its own punhcation, and slowly but cirtaiiily con- 
verts all oigainc subst.inces exiiosc^d to it into simpler toiins ot 
matter, such as w.iter, c.ubonic acid, nitiic acid, and ammonia Al- 
though the oceasional prcseiiee of matters ol contagion in the atmo- 
sphere IS not to be disputed, still it is an assumption, without 
evidence, that tliesc substances arc volatile or truly vaporous Otiu'i 
matters of infection with which wc can eompaie tlieni, siieli as the 
matter of cow-pox, may he dried in the air, and arc not iii the least 
dcgiec vohitilc Tiidecd, volatility of a body implies a certain sim- 
plicity ot coiistitulion and limit to the number of atoms in its inte- 
grant piu-ticli* winch true organic bodies appear not to possess 
Again, the source of such bodies being at all limes ineonsiderable, 
they would, if vapours, bo liable to a speedy altenuatidli by dilfiisioii 
so great as to render tlicir action wholly inconceivable It is motc' 
piobable that matters of contaspon are liigldy organized particles of 
fixed matter, which may find itS way into the atmosphere, uotwitli- 
standiiig, like the pollen of lloYcrs, and remain for a time suspended 
in it , a condition winch is consistent with the admittec^ difficulty of 
reaching and destroying those bodies by gaseous chlorine, and wutli 
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till' wasliing of walls and doors as an ordinary disinferling iirartitt* 
On tins obscure subject, I may refci to a valuable jiapei by tin I.ite 
Or Henry upon the applicatio i of beat to disinfection, in wliicli it is 
proved that a temperature of 212*^ is desimctive to sucb contairions 
iiiattcrs as could be made llie subject of CAjieninenI * 

With reference to gaseous disinfectants, it iii.ij be remarVed that 
snljiburoiis acid gas (obtained by buiniiig sulpbiir) is prefeiabli, on 
speeiilative grounds, to eliloi me. No agent chi( ks more ellec tiialh 
tlie first development of animal oi vegetable lid ^J'liis it doi's bv 
jircventing oxidation In the same inaniuT it lenders impossible 1 lie 
tirst stop m pntiefaitwe deeoiuposiiion and fei mental ion All 

aninial odours and enianations aie niosi immedMteU and ildelivily 
destroyed by it 'J’lie ditul odoni tioin the boding solidioii ol (oelii- 
iie.il (foP instance), vibicli is so peisislmt in dve-Iionscs, is uiosl rom- 
jiletely leyiwcd bv Ibe admission ol siilplmrons ncid vapour 
(.1 (jiidiam) 

The compounds of iiitiogen with ovvgen .iii tin lolloMiiig — 


I’lotoxide of nitrogen or nitrous ovule NO 

Ibiioxidd'of nitiogc n oi nitiiioxub N ()2 

Nitrous aeid NO, 

I’lroMdc of nitrogen (bvponiliie acid of Tliniaid) NO^ 

Nitne acid NO, 


]>iioio\iiH'*op Nimot.i'v 

■ 

St/n TimTOXTDE OI- A/OTF, NI'IISOTIS OXIDE, AV/ Zl 275 , NO, 
•h'nsity ] 520 4 , j I I 

This gas was discover! d by l)i IViestley about 1770, ami slnclied 
lij D.uy, whose llesc.Lrches, Cheiimal and Plidosophu .il,” pnh- 
hshed in 1S09, eoiitain an elaborate investigation ol* its prop, ities 
and composition Davy first observed the sLimnluling powti ol 
nitrous oxuIl tvhen taken into the lungs, a projarty wlnclv lias since 
■itlracted a consuleiable degree of populai attention to tins gas. 

Picftoiatiofi — Protoxide of nitrogen is always prejiarcd from t!.e 
nitrate of ammonia Some nttenhon must be jiaid to the imiily ot 
that salt, which should contain no hy^lrocliloiatc of ammonia It is 
lorined by adding pounded carbonate of ammonia to pure lutiie.uid, 

* Phil Mnfj 2il Sciics, vol -5 ]> 303, ami lul \i (iji 22, 207 (1S32) 

/ 
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wliiclij if concciitiiited, may be previously (bliiled iiitli half its Imllv 
of water, so long as tliere is effeivescence, .mil .i yn.ill cxciss oj 
the c.srbonate may be lelt .it tlie tiiil iii the li(|uoi The solution 
should be hltiied, and eoin eiiti.ited till its boiling point begins to 
rise .ilnne .iiid .1 diop of it beromes solid on a cool gl.iss plati 

On cooling, it foi ins .1 solid e.ikc, wbuli irwiy be biokeri into bau- 
ineiils To obtain iiitioiis oxide, .1 (ju.iiitit\ ol this s.dl, w Inch should 
iii’Mi be liss (li.iii fi 01 S oLintis, is intiodiuid into a ictoit, 01 



he.it IS e\ol\(d in thi> ile< oniposition, whuh is .1 kind oi conibiislion 
01 di II. Ignition, the ehofh r must Ik* withdi.nin to such .1 distanii 
fioin tlie ll.isk .IS to sust.iiii only a inodei.ite elnillition If the fmi- 
pirature is allowid to rise too high, the ebnllitinn hecoines tninnl- 
tuons, ainl the h.isk is hlled with. while Ininrs, whnli h.ive an ini- 
t.itiiig orloin , and the gas wlnih thin cones ol! is little moic than 
nitrogen ^itious oxide should hi collceted in a g.asoinetex or in .1 
g.isdioldei tilled with wafer oi a Icnipei.ituie .iboiit ')(!", , is told w.itii 
.ihsoihs imnli of this gas 'I'he whole salt unileigots llic same di - 
composition, .mil notlmig wh.itcver is left in the retort * 

Nitious oxidi IS likewise jnodiiccd when the salt lallicl nilio 
biilphalc ol .iniinoiiia is tin own into an .ind, and also when S'lnc.md 
till arc ihs-oKed in dilute lutiii .iciil, but the Litter jirocessos do not 
alloril the gas m a state of iinnli 

nil ' *' 

the iwtiiie of the ilccoinpusilu,,, ol the iiitiale of .uiimoni.i will lie 
best explanied b\ tli- following diagtani, in winch an eipin.ilent of 
1C sa Is, Ol 80 p.ir 1 s, is sn]ip()se(] to he used ft will be obsened 
la f ic 1 irie cipiii .ikiits of hydrogen in the .iitinionia aie bnintd, 


'rf Oub u..,l oihc. g..8.8, llic I'lcmciilsofCla- 
misto (1820) of the late I), JU.,., ^ 
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or rombiiie uiOi Ihref* ciiuualiMits of tlio o\m;(ii ol ilic miIiu .kkI, 
1)1(1 foiiTi Mtiti’i, mIhIi* till' (Hiiiiv.ilcnKol iiplioffc'n iii thi' .miniom t 
,iii(t iiitMc acid comljiiK' Mitli till' t«o K triaiiiiii'' ('(jiin.ili Ills (i[ llu' 
(Aigi'ii of tliL' lallcr — 


Hoforr ili < oni|in«iilir> 4 i 


so Mt .itoofnn.monia J a, 


*) A\nfor 
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()l 111 sMiibols — 

MI„ Il() + ^(W >\() .iiid I IK) 

l''u)in (lu (liiiiiaiii if a[)|H ns lli.il SO oi.iiiis ol flu s.dl \ulit II 
1,1 mis of iiificms o\i(l(> and >"» I'laiiis oi walci Oiii yi.mi ol sail 
Mclds Mtlii'i iiioM' tliaii one' cubu iiidi ol ix.is 

Pi(ijn‘itu \ — Ailioiis o\uU possissis till' usual 111! ( li mil il |)io- 
li( I lies of gasnj ,ind has a f,mi( aa;ic< abli sou 1) It has lu i ii Iii|mi Ik d 
h\ (lohiiisj it fiom the d('< iiniposiliou ol Iho iiiliati ol .immoma iii a 
M.d(d Uilic, <md p<)ss(s>(d m fhc hipnd ^lat( an ilaslu loiti ol ahova 
’ll) .ilmo^phi'ii's al 1 Tht j'as is ioniud I'V llu 'mum ol .i (om- 
hiimii( iiii'tisiiK', Ol 2 volmiK's ol iiilio<i;) n, \\ ilh a c ombimnLC iiu asiiu , 
ol I \ohiiiii’ of o\\ocn, \\ liK h .ye omuliiisid iiilu \ \olmius, llu 
('oiiil)iiiiiitf 'iiiMsiiu of thi''»u:.is Till' v( iii;hl ol .i ''iu'J,l( sohmu, oi 
llu dcnsih of tlm ".is, is llunfoK' by c.dt iil ilion — 

‘171 v + ') 7 i !•+ I HI'* Il I - ) I ) 

Cold Mater aififatid mill this j>as di''S(d\is ,iljoiil llme-loniilis ol its 
voliinip of the i'a!«, and cuipiiiesii s«eclish ta>ti , bid, I IuIiim', no 
'-liiniil.iling piojieities llodics whuli biiin in an, Imiii willi m 
(iiased bnlliaiity in this gas, it iiitiodiued in ii slale oi ijriiilion A 
iu’mIv blown ont taper with a led wieb may be n kindled in il, as in 
oMgen Mixed Mith an cijual bulk ol ludiogen, and ignited by 
Ikiini' and the elec trie sjijirk, it. dc'lon.ites i ioli'nl4\ . In all these' easi s 
of combustion, the nitious oxide decom])osed, its emgen uniting 
"I'll the combustible and its nitrogen being set free AVlieri fiiins- 
initti'd tlirongb a red-hot poitelam Tnbi, nitrous oxide is likewise 
eleeompow'd’and resolved into oxvgi'n, iiiliogen, and the iieroxnle of 
mtiogeii 
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Nitrons oxulc nas <sii])po‘!C(l l>y Davy lo romlnno nitli alkalu^, 
nlieii gonerated in contact viith tlicm^ but tlicsc coTupoiiiuls li.nc 
since been found to coni am n]tiO''uljjbnric acid 

Tins gas may bo respired for two oi three Tuinuics ^tilhoiit ineou- 
venunce, and nlicn the gis is unnn\rd nitb air, and the lungs li.ivi 
been well impticcl of air befoie respinng, it induces an agiee.dde 
state of leiene or into\ie.dion, often aeconiji.iuu d with considciahk' 
eNCiteirient, nliieh lasts foi a ininnte or tno, and dis,i|ip(,ns mdionl 
any imjdeasiint eon s((| lienees 'I'he gas fjom an ounce and a Inlf oi 
tno ounces cf nitiate ot inimonia is sulhcienl ioi .1 dose, ,nid it 
slinnld be resjuied lioni a li.ig of the si/c oi a huge ox-bladdii, and 
])M)\ided with a nooden tube of .111 inch iiitc inal dianu'ter 'I’lu' 
\oluine of the gis dnninislies lajndly dining the nis])iration, and 
Jiiialh only a few cubic inches remain An animal eninely fonCnidl 
in tins gas soon dies fioin the prolonged clhcts ol the lAtuMcation 


BlVOMDh Ob MlliOOl N 


Syu 111NOMHK, ORDKnOMDb Ob A/01 1 , M'I'lUC 0\I»r, 


ICfj 38 or 375, NO^, de/ni/,/ 1038 8, 



Tins gas, Avlneh comes otf diiinig the aelioii of mtrii arid ui'on 
most imtals, apjaais to have bien eolhrted hy J)i TTales, the fallni 
ol piieiiiriatic (h(imsti>, bid its piopcilics weie first iininitely studied 
hy Dr Piiestlei ' 

Pie/HiHi/io/t — IhiioMde of nitiogen is easily proriiri'd hv the 
action of mtiic acid diluted lo the specific giavitj 1 2, uponslucl 
(op])ei flijijitd into small pieces As no heat is reipiired, this gas 
may be evolved like hydiogeii irom a gas bottle (page 307) IVIer- 
(iiry may be substituted for tojiper, but it is then necessary to ap])l> 
a gentle licat io the materials This gas may be collected and rctanu d 
over water without loss. 

In dissolving in nitric acid, the co])])er takes O'^geii from one 
portion of acid and becomes (^xide of copper, winch combines witJi 
anolliei poilion oi acul, and forms the nitrate of copper, the solution 
of wdncli Is of a blue colour TlA jiortion of nitnc acid winch is de- 
(ornposed losing three equivalents of oxygen and retaimng two, 

appe.iis as mtnc oxide gas Tins is more clcaily sliowiu in tlie iol- 
lowing diagram — 
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ACl'lON OF NirUlC ACID UPON COl’PHl 


licluii (Ie<uiiiiio-<iliim 
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^I'll 
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1 Oxygen 


1 Oxygen 
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1 Oxygen 

52 
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Nifiic acid 

Nitric acid 

32 
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N line acid 
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()> 111 symbols — 

4NO5 <uul 3 Cu-=i(Cu (), ^lOj) .uul NOi 

Pxqu itu‘s — ^‘I'liis g.i'j I'j tulouiles'5, but wluii mi\nl \m(1i .111 iL 
pioiliKcs ruddy Iumk’s cif tile ]M'tD\id»‘ ol la'jogeii It is iiril.iliiig, 
•iiid tciUbCis the glotli'? 1(1 routi,i( I sp.i'-moditally wIhii im iilli'iniit i^i 
made to rcijpiie it Js'iliic OMile has iu\( 1 been lu|iu,liul uatei at 
t’O", arcouhiig to Di ili'niy, t,ik(& iij) only 5 01 (> pii u iit ot this 
gas It lb i(jiiu(.d ol one toAibimiig iiuaMiic ol introgiii oi tJ 
volumes, anti two tonibiiiing iiieasuns ot oxygen 01 2 volumes, 
united withuuL coiuhmaatioii, bO that tlic cumbitiing imasiiie ol 111(111, 
"Mtle coni, mis 1 volumet. The w< ight of one volume, 01 the deiisily 
ol the gas, is theitloie 

07 1 I" ■t' 1 1 + 110^0 + 1 lOo fi X 03 (S j 

This g.is Is not deeoiiijHihC'd Iiy a low red heat * 

Many t omlmstibles do not bum in nitiic oxide, all hough it coii- 
hiiiis lialt 11 volume ot oxygen \ lighted candle and biunnig 
nlphur aic txtmgtiislied by i( , mixed with hjdrogeii, it is not ex- 
ploded by the 1 lectnc spark or by fLunt', but il ini])<uts a green roioui 
to the tlaiiic of hydrogen burnin^m an Phosphorus and ch,irco.il, 
however, introduced in a state of igiutiou into this g.is, coiilmne to 
burn witluiMcreased vehemence The state ot eombmatioii ol the 
oxygon in (Ills gas appeals to prevent lh,it snbstaiiee fiom muting 
willj eoiubusliblcs, uidcss, bkc the two last incnlioiKd, tiny evolve 





ai2 

'•o iiiiich heat d"! lo Ih* mtnf o\i<le bbvelal of the 

more oMclablc met lUj siuli a'* uou, uiththau the halt ol the o\ygni 
hom till' gas<j wlicii lill iii tmitad with it, and conveit it into mlniii' 
oxide 

No pio]ieit\ ol iiilMi oMdi I'- iiioK Riiiaikahle tlian itb atliuclioii 
(oi o\ig('ii, .ind jI 111.11 hi ( mploud to separate ilii-. lioni all otlici 
gaM>i Nih'i oMd( Jtidic ifi' till pie'>tiiu of liu oxygni in a 
ga'coii' iiii\lim, hi tin a])]!! ai.mci oi liiiius iilndi aie p.de and 
ullow mill a 'inall, and n ildidi hio'iii and dense with a huge \uo- 
jiuitioii ol till l.i( n g ' , and dsn h\ a sidisi (jiiLiit coiitiai I ion ol 
tilt gaseous \olniii( , .iii'iiig iiom tlu ah'oi ption o( tin se tuiiu s 1)\ 
walei Addi (1 in siillicK lit qiianlih, intiic ovidi mil (Inis withdiaM 
oxigin most (oinjilitili lioin an> iinvtnu Jhit iiotmtlislandiiiir 
till' jiiojKitx, iiiliK oMtli cannot hi nnphned mill ad\.iiitage ill llie 
ai'.ilisis ol .111 Ol siiiiilai inivtnus:, loi the contiaclioii which it on a- 
slon^ does not dloid ctil.nii d ifa toi ditmninnig the i)io|)ot lion ol 
o\i!ii II wlnrli h is disapptatid Xiliic oxiili is (ap.ihle ol (oinhiinng 
wilti dilliKiil piopoilioiis ol owifiii, a (oinbining measure oi 1. 
\ohiiius ol the g.is imiliiig, 111 siuli e\pminenls, with 1, Z oi i 
volumes ol o\\gen, .iiul (ouiiing mlioiis and, pvioxule of iiitiogcii oi 
iiltiic and, Ol si\(.ial ot these (uuiponuds at the same Uuk 

'I'Ins oxide ol nitiogeii, liki the punahng, is a neutral body, iiiid 
h.isavnv liinilnl laiige ol alfinity A snbsi.nire is lell on igniting 
tin iiiti.iti ol pol.ish Ol hai^la, w liK h w.is supposed lo he n coni' 
pound ot mini oxide with pot iissiiun, oi hm inin, hut JJitscln iln ii 
(nids it to 111 111 111 1 111! laiislit imjloxnlc ilsi II oi tin peioxide ol tin 
mit.d lint inliR o\nh is ahsoihid In <i solution ol the sidphide ot 
lion, winch il c.nis(s lo hnoinehlaik, the gi eat el p.iil of the gas 
max hi Lxpclhd .ig.nn hv boding the sohilioii All the suhiblciiioto- 
salts ol iron have the 'aim piopeilv, and the mine oxide lemams 
uttached to the oxide ol non when piei ipil.ited iii the iiisoluhle s.ilts 
ol that metal * Thi piopoilion ol mint ovule iii thei^e comhinutioiis 
li) loiiiid hj I’l ligot to be dc liinti , one cej ot the mine oxide to foiii 
ol the pioloxidi ot luni , oi, (he mine oxide contains tlie pioportmii 
ol oxygen inpnicd to coiiveittlii pioloxide into bcsipnoxidc oJ non * 
Ailiic oxide IS also ahsoihed by iiitiu arid With snlphuious acid 
mine exilic foiins a eoiupinmd whihli will be iiioiepartieiilarly iioticnl 
under that atid 


* tiii.iisdi (hull (.1 ill I'liss I hv j) 17 
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The thietl mode offormin" ihit, eompoiiiid is hy irii\iii[> 1 
\i)Iiiiiii‘s n( l)nio\i(h‘ of iiitiogen nitli 1 \nlu(nc ol owgrii, liolli ])ci- 
U(tl) dry, .ind expoNiiig llie inixliiie (o <i "re.ifc dcgite ol cold 'I'lu 
g.istx uintcj .iiid cniuh'ii^sf iiilo .i li([uid ol .i •xiccii culoiii, wliitli is 
vdV voIaIiJi', and loiins .i di ej) Hildish pillow roJoiiitd v )])oiji 
Mitioii'' add ])i('])ai<d m this vay det tmipo-cd .it once mIk'd 
ihi'iun into watd, an cllent'-ri nto ottniniig, Iroin llie escajK' ol 
jiiliM oxide, iind mil i< acid being jiiodiitid, ulin li gi\('> '<tal)ilil) lo .i 
])Oi(ioii oi the ml roils acid Milionsaiid (.iniiol lx in.idr fo nnili' 
diieitlj with alkalies and caitli-', jnohablv owing lo llie in hon ol 
ualci lu''l dc'Ciibixl Hid when oxigen g is js mixed with a 1 irge 
« \ce>s ol mine oxide, in eoidad with .i solnlion ol eaiisfit pol.isb, 
(he g.ises weie found li} (Jax-ljiissat alw.ijs lo tlis.ijipoai in tlio pio- 
poilions ol intions and, which was piodnied ,ind i nli led into eoni- 
limafioii Mifli (Ju pola'li, loinniig a iii'iiti o( pot.ish Snnilai 
iidiites may also be piodiuid h> tahinmg the mtiatc ol sodatdl the 
liised salt becomes alk.dmi , oi b) boiling Hu mli.ite ot h ,ul will) 
iiictallic lead Tlie nitiile ol soda inav lx dissohed and hlli led, anil 
(he snintion ptec ipdali d In nilt.ib ol sjlvci, .i proc c ss w liic h give s 
tlx' iiitide nt siUii, .i s,dL posst ssmg a sp.inng digin ol sobibild^, 
like dial ol cre.im ot (ajl.n, but wbiili ni.iy lie jniidu d by solnhoH 
.mil ( r^stalli/ntion, <ind llun .dloiiK ic.idy mi.iiisoi oblaiiniig (he 
olliei iiilulis bv donbh dHomjiosdion (AlilscJn ilx h) Milions .uid 
Is libei.ilcd limn llii nitiilcs byacclic and W lx n In i sulplmuc 
idd IS ‘added (o a soliilmn ol nitiiti- ol siKci, (lie dising.igul ndious 
acid js mnnedialel\ resolved into riiliic acid and mine oxide The 
'■nbinirite ol lead, on (he olliii li.nid, in.iy be detoniposi'd by (lie bi- 
sidphati oi potash oi soda to oblaiii a nenti.d ndiili ol one ol these 
bases (lier/elins) The intules ol potasli and soda aic soluble in 
aJcoliol, while the nil tab a aic not so 

Nitrous atid is also r.ipable of combining with seveial acids, iii 
])articular with iodic, mine, and ^sulpliuiic acids Its combination 
with the last is obtainc d by scaling up logclluT licpiid sulpliuious 
acid mill ]iero\idc of nitrogen (NO^^ in .i glass tube In the roiiise 
ot a lew dXv , (lie tube may be opened the siibslam c's ,ne < onibuied, 
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.\iul fonu u holul muss wlni-li heated up to (300° C ) i(s 

point of fusion At a liiglici tcnijieiaturc it distils without altei.i 
tion In this ( \])ciiinent, sulphurous acid acquires an equivalent ol 
oxygen, and hccoines sulphuiic acid, w hile peroxide of nitrogen loses 
an cquivalint of oxygen, and becomes nitrous acid, but one halt 
only of the lattei acid fornud unites with sulphuric acid, the coiiipo- 
silioii ol the body toiined being ?fOj + 3SOj The reaction is 
cxpicsscd as folloMs — 

aSOj and 2NO^^— NOj + 2SO^ and N()_j 
'I’liis coniponiid is soluble iii strong oil ot vitriol Milhont deeompo- 
oition, but fiom Milpliiiiit acid somewhat diluted it takes walii, 
and forms a ery sl.dlinc substaiue, which ottin appears in the manu- 
facture ot sulphuric acid, as wc shall atterwaids hrul The original 
solid compound is di composed by pure watei or highly diluted 
Miljiluiric acid, and (he sulphmic and nitrons acids bueoine tice 
'L'lie tcndincy of inlrous acid to combine with otbei acids has alreadi 
been noticed, as assimilating this cuinponiul of nitiogon to .irseuiou'- 
acid and the oxide of antimoiiy (pigt ]7i) 
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'I'liis coinpoiind toiins the jitiiuipal pait of the ruddy fumes w liic h 
alwais appeal on iniMiig niliic oxide with an As it cannot la 
made to unite either directly oi indiictlly with bases, and lias no acid 
piopciliC", any design. ition for llii'' oxide* ot nitrogen which implies 
acidity should be avoided, and the name nitrous acid m particulai, 
which is applied on the contii cut to the preceding compound. The 
name peroxide *of nitrogen is more m accordance with the rules geiie- 
rally followed in naming siicli compounds. 

Pie]}urution — When t volumes of mine oxide and*3 of oxygen, 
both perfectly dry, are mixed, tins conqiound is alone produced, and 
the SIX volumes of mixed g.ises are condensed into 4 volumes, which 
may be considered the eombinmi^ me.isure of peroxide of nitrogen 
Ihe weight of 1 volume, or the density of tins gas, must therefore he 
10.1S j X 4a 110.0x2 
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The i)croMdc of nitrogen is aUo contained in tlic culoiiicil and 
tuiiiiiig nitric iicid of couiiiicrce, .iiid may be obtained in tlie luiuid 
condition by gently wanning tliat acid, and ( ondcnsing the vapoui 
which comes ovei, by transmitting it tlirougli agliss tube suriounded 
by ice .md salt Hut it’is preyaied «ith most advantage fiom tlu 

nitrate of lead, the crystals ol which, after being pouiuled and 
well dned, to depnvc the salt of liygiomctiic walei, are distilled 
[11 a rctoit of liaid glass, oi ^Kiicelaiii, .it a red Jicat, .iiul tlu 
lid vapours condensed iii a receiver kept veiy cold by a freezing 
luixliirc Oxygen gas escapes during the wholi process, the nitric 
, Kid of the nitrate of lead being resoKi d into oxjgcii and peioxidc 
of nitrogen, or !N()5 = WO^ and O As oht.niied by the last pro- 
cess, winch was proposed by J)ulong, pcrovule of nitiogen is a 
higlily volatile iuiuid, boding at 82*^, ot a red coloiii at the usual 
tenipeiatufe, oiange yellow ,it a lower teinper.iture, .nul neatly coloiii- 
!iss below zero, of density 1 1 ..> 1 , and a wliitc solid in.iss .it — 10 ” 
It IS OACccdiiigly coiiosivc, and, like intiu .icul, shniis the skm 
yellow The red colour of its vapoiii bi'eoinos palei .it .i low teni- 
peiature, but with heat iucii‘a'«cs gio.xtly in intensity, so .is to .ippe.u 
(pule op.Kiuc when in a considciablc body at a high tenipcialuie It 
is the v.ipoui which Bicwster observed to piodiue so in.uiy d.iik 
hues 111 the spectiuiii ot a ray of light which p.isscs lliioiigli it 
tp.igc 100 ) The pcioxnlc is not dccoiriposed by .i low red lie.il, 
.md ap))e.iis to be the most st.ibh* of the oxides ol nitrogdi. No 
toiiiponiid of it IS knowiij unless peroxide ot nitrogen ht tlu i.idic.il, 
.IS some suppose, of iiiliic acid Hut Hcizclius is iiiclmed to consulei 
this oxide as itself a compound of 'iitiic .md nitrous acids, lor 
NO,-|-NO,=2N()^^ 

The liipnd jieioxide of nitiogeii is paitnilly (kcoinjiosi’d by w.ilei, 
nitric oxide coining olT with clhrvcsceiKO, and more and more nitric 
acid being produced, iii proportion to the quanlity o'* water .uhled, 
but a portion of the jieioxiih alwais CMapi s this luiion, being pro- 
tected by tl. nit nc . (Ill formed In the progress of this dilution 
the liquid undergoes si veral clwiiges ot colour, passing from red to 
yellow, fiom that to green, then to blue, ’and becoming at last 
colourless Tlie peroxide of mtmgcn is readily decomposed by the 
more oxidable metals, and is a powerful oxidi/ing agent 

* 't'idilc (Jc C hniiiL, pii ) J IkiziliuB, tniiliiili jmi Mil Kssliiigcr it IJocHcr, 
Didut, i\iri!,, Ib45 An imlUl'iiI idilioii ol ILm luosL v duabk siskin of ifaiiiiioliy 
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^yn v/Oiic \cii) [ ff ) Itii <>> ifr/t'") not 

I j^s/ ( lii/it m f (iiiiljiiKtl ton 

\ kii()Ml('(lg( oi llii'' .Kid litis (li M c-iidi’d luiin tin 

t'.iilii'st .11,1''- (»I (‘liciiiisin, bid iN foiiipnsil iim w.in fitsl, a-'C ci t.iiiu'd 
l)v C’.ivi'iidi>lij in I7.S') III siici ooiLcl 111 loiimiiij mine .uid Jmhu 
it-. ( 1 ( ini'iiNj I)^ Inii-'iiiiUiiit; a ■'IK < Ohsum of elirtiii ■'paik-. ilupii^ 
'iMi il iLu" tliruui'li ,i '-mall iimiilitj ol .111, 01 tliimiifli .1 mixliiic ul 
1 volumr ol ml 101^1 11 and 2 ' miIiiiiks of ovigcii, (oiiriiK'd 111 a •'iii.dl 
liibi o\ii M.tlii, Ol o\ci ■'oliilioii ol ]»ol.i‘-li , III ilic ki"! ( .isc, (In 
.d)'-o]]ilioii of the g.i'-i'' lias (oiinikle, nid mliali ol ]>ot.i'-li w.is 
olit.mied A liace ol Ihi'- .icid 111 coiiilmiatioii \mI1i Iiimiiomri lia-i 
been ill tecti d ill tlic i.mi of tliuiider*sloniis, jiiodiued piob.dih 111 
1 lie ■«, line in.ninei If iva'- < iUo obieixed by (bi^-Lii^'-ac to be tin 
■-iile piodiict \ilii 11 mtiic o\ido is. added, 111 a g..idii,il mimiu, lo 
owgeii 111 o\(i w ilei , tlic gi^’s then iiniti, and di'i<i|)])e.ii 111 

the picjiinition o( J \olmiies ol llu foiinei lo d ol the lattei It is 
.list! a (oiistitiunt ol I he salt, mtie 01 '..iltpelie, toiind in the soil ol 
India .Old Siiiin, wliiih is a luli.iti ol pol.ish, .mil ako ol mtiate ol 
sod.i, which occuis m huge (piaiilities in Honth Aimiica 

PH'ptu —'rills acid camiol » \ist in an iiisuhited st.ile, bid is 

alw.ixs III coiiibmatioii wilh w.itei, is' 111 .iipia foilis 01 tlu liydi.de ol 
mtiic acid, 01 with .1 li\((l b.is(, .is m (In' oidiiiaiy mti.ites 'J'ln 
hydi.de, (w hull is jiojml.nly tinned mine aeid,) is iliimnated I10111 
nili.de ol ]K)t .isli 1)^ nie.iiis ol oil ol \dnol, whnh is itself a hydiali 
of siiljihiinc .11 id Thd .icid mules willi |)olash, 111 fins deconiposi 
lion, .Old lonns snljih.de ot pobish, disjikieing mine acid, wliieli l.isl 
bungs oil in toinbin.dion with ifsdf the w.itei ol the oil ot vitiiol 
Time is a girtit .nbaidagi, fiisf pomlid out by Mi I’lnllips, in 
Using two 1 (jm\ .dents ol oil of vitnol lo one ol mtialL of potash, 
M Inch IS fi? ol the (onnci lo 100 of the Ldtei, oi •■'iie.irly tcpi.d 
weights 'i'he .nid .ind s.dt, lu lliesai piopoitioiis, aic intiodiircd into 
a c.ipatioiis plain lelo'lt, provided with a tlask .is a reeeivei Upon 
the .ipplu.ition ot heat, a little of the intnc neid first evolved uiidei- 
goes decomposition, and red fumes appear, but soon the vapours 
become neatly colourless, and arc c-asily condensed m the reccuci 
liming the whole distillation, the teinpei.ilme need not exceed ‘200° 
'I'lie m.iss lem.ims j).is(\ idl all the mine .it id is diseiig.iged, .iiidlhin 
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(ijlcis Hitt) I’li.-ioii, iwl vapouis .ii'.iiH .ippo.iiiHg lowaiils lh(. tiul ol 
llu‘ piort'ss The res-ithi.iry &.ilt the hisiilplKile ol pot.t..li, oi 
double sulph.itc ot viatei and potasli, IK) JvO ISO, Tlie i.i- 

lioii.ilt ol this iinpoitant process is t \hibitcd in the lolloiMiig 
ili.iiriain — 


I'ROCISS lOlv MIIIK ACID 


I'l (i)rt ilei oinitositioii 
ml \ltlHtL ol llOU^ill 

ly Oil ol mIiiuI 
l>) Oil 111 Mtriul 


Nltlll •!( Ill 

Pot ish 
( W Jti r 

Isulpliunr 11 id 40 — 
Oil 01 Mdiol 4<j — 


I'i'i 


Afti r ilci niii]insitioii 
01 Nitno HI id jiiil vi itcr 


H7 Siiiphntp nf pnliisli \ hisiil ill 
4'l SiilpliKlo lit Hllttr / pillil!ill 


III this opVi.ilion (nut <is imuh siilplnmc .uid is cmploud as is 
It (liiiii d lo iieutudi/t the jiol.isli ol Hu iiilie, b^ whiih int.iiis the 
n hole ml IK add is tlimiii.itid nithoiil loss , it a inodiiale Idtipeia- 
liiit, and (1 u'siduiui salt is htt winch is tasih umoicd limn tlie 
l( lull 

\\ illi ball the putedmg (piaiilih, oi a smirle inuivaleiit nt oil ol 
iiliKil, till mateiials 111 the leloit aie a])i to iiiidiigo a \esidilai 
swdlinu', upon the applic<itioii of lita(,aiul to pass into llu rinivii 
Mnnidaiue ot i iidd} fumes are also evoUid, tliat are not I'asdy 
(I'liJeiised, and piovc ili.d the mine .uid is dei oinposi d The tiiii- 
])eiatiiie in tins pi()((s> must also be lai'seil iiii onvenienlly high lo- 
waids tin end ol Ihe op< ration, in oidei lo decompose the wholi 
iiilie Tin punbaiitu** of the dL^'oinposilioii lieie .nisc Iroin llic 
loimatioii of bisiilpliali of jiotasli m the opei ition, the whole sul- 
])hiiricaiid uniting in the fbst instance with halt the potash ol 
tlie mhe Now', it is only at an divalul tdii|)ualnie ilnd Die 
add ,i1l thus lornu'd < in deioiniiose the leinaiinng nilie , — a tem- 
peiatuie which is 
''Ulllcient to dc- 
romposc lull I at id, 
is may be pioied 
by tiaiismittinp the 
'-i])our of tin 

tmutntialcd acid 
tbiough A tube 

hi at( d to the same 
'll i^ice 
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Ordinary mtnc acul loi maimf.itliiiuig purposes is generally pie- 
paied by distilling intiali' ol soda with an equivalent ot sulphiiru 
acid not at its highest degree ot coin enl ration in a large cjlindci ol 
cast iron < (lig 1()‘), page 347)^ snppoited in brickwork ovei a hie 
Both ends of the cihiidei ait moveable, ind generally consist ol 
circular discs ol stone The iiiliie acid wliitli distils ovei is con- 
densed 111 .1 sciies of huge vessels of s,dt-gla/,c waie, of the foiiu ot 
Woulf bolilis, of wliicli one, V, is shewn in the figure 

The iron cjlinders arc generally so supported that two of them 
aic heated hy one tire, as in fig 1 Id, winch is a sectional view ol 
tliicc pairs ol sucli retort 
cylinders The iron of 
the vault oi root ot the 
ciliiider Is most apt to be 
coiiodcd b> flic acid va- 
ponis, mid IS theiefore 
]irotcctcd by a co.iliiig of 
llie-elay or of (lies of the 
s.nne material cemented 
fogellier 

Pirijietiu’s — TIi(‘ acid picp,iied by the fust process is colourless, 
or has only a stiaw yellow tint Tf the oil ot vitiiol has been in 
its most com entiated condition, wlncli is seldom the case, flic 
nitric acid is m its state of liighcst eoiieeiiliatioii also, and contains 
no more than a single (C|nivaleiil of watiT The density of tins 
acid 13 1 522 at 58*^, hut a slight heat dfseiigages a litlle p<‘ro\ide 
of iiiLiogcii fiom it, and its density becomes 1 251 (Mitselicrlieh) 
The density of the sliongest coloiiilc'ss mtnc acid which Mr Aithm 
Smith could piepaie w<is 1 517 at G0°, it boded at 181®, and 
caino within 1 per cent of the protohydrate in composition, (Che in 
Mem in, 102) When distilled, it is partially decomposed hy the 
heat, .111(1 athrtds <i product ol a stioiig yellow colour Its vapom 
liansmiltcd thioiigh a ])oieelaiii tube, hc.itcd to dull redness, is 
dc'coinposod ni a gnat iiie.istue into oxygen and pciotidc of iiitio- 
gen , ,uul into oxygen and nitrogen g.ises, when the tube is heated 
t(/ whiteness The rfilouiless liquid .icid bc'comcs yellow, when 
exposed to tlic rays of the sun. Mid on loosening the stopper ot 
tile bottle it IS sometimes projejeted with force, from the state ol 
rom]ircs«ion of live disengaged oxygen Hence to prpsciic this 
.icid colourless it must he kept in a covered hotllc It congeals .it 
ihout — 10®, but diluted wiili h.ili its weight of water, it become'* 
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solul at mill with n little moio w.ilc'r its ficc/iny jininl is 
lowered to — 4'5° Exposed to the air^ the eoiitenliated .it id Ihuk's, 
fiom the condensation by its v.ipoui of the moisture in the .diiios. 
jiliere It also attracts moisture fiom damp .iiTj and nuK.isos, m 
weight, and when suddenly mixed witli 3-Uli‘5 of its wiiglit of 
watej, may use in tomperatnre fiom 60° to 140° 

!Nitric acid has a great atfiiuty for w.iter, and diminishes in dmi- 
sitv with the proportion of water added to it A table has lieoii 
(oiistuicted in w'hicli the jicr cent age of absolute and is ixpiisn-d 
m mixtures of various densities, wlneli is useful foi nfeietue and 
will be given in an appeiulix Time apiR.iis to be no delimte liy- 
di ate of this acid betw'ien the tiist (tlu iiili.ite ol w.itei), and that 
roiitaimng 3 ec] of \v<itiT additional (A Sniilb) The lust has no 
action upon tin or iron The second is and o( di iisitv 1 12 1, uliicb 
llitrcfore cpT/tains 4 eej of water This last bidiate was toiiiid by 
])r D.dtou to have the highest boding jioiiit of am Indiate of nitric 
find it IS 250°, and both weaker and stionger acids aie bioiight to 
ibis strength by ooiitiTincd ebullition, the tcniim losing watei and 
the latter acid The dcilsitv of the \aponi of this hidiate is luund 
to he 1213 by A Ihiiian, and it eontams 2 loliirnes ol intiogiii, 
0 volumes of oxygen, and volumes of steam conikiiscd into 10 
volumes, wdiich are theielore the combining inoasuieof this vaiioui * 
Nitric and is exceedingly coiiosive, and oneol the stiongcst acnls, 
vulding only m that respect to sulphuiic .ind The lanlity with 
winch it parts with its oxj gen ,i eiidei s it veiy piojicT lor oxidating 
hodii’s 111 the humid waVj.a piiijiose loi which ills constantly eiii- 
plcnecl Nc.iily all the iiicdaN aie o\idi/ed by moans of it , some of 
them with extreme vmlenec’, such .iscojiper, meicuiy, unci /inf,when 
the coiieeiitiatc'd and is nsfd, and tin and non by the and vny 
shglitly diluted i’oiiied upon icd lict charcoal, it causes a hiilhant 
combiistioii 'When mixed with a foiiitli of its hulk of sulphuric 
and, and thrown njion a Icvv diops of oil of tiii|)nilinc, it occasions 
nil explosive combustion of the oil Siilpbiir cligeslid m nitric and 
at the boilri" point is laised to its highest degrcT of oxidation and 
bccoinc's sulphuric acid, iodine is cdso converted by it into lociic 
and Moat vegetable and animal substaiicc's^aie converted by nitric 
.« id into oxalic and carbonic iicujs It stains the cuticle and n.iils 
of a yellowr colour, and has the same efleet upon wool, the orange 


• Aiinolca (Ic Chtm ctdcPlijs twin ]) 41 S 
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patterns upon Moollen t.iblc crwers aio ))ro<lnc('(l by mciiiis of it In 
tlie undiluted state it tonus <i powerful cimlerv 

Tn aetui£» upon the liss oxidablc metals^ siieb lUs copper and ran- 
tury, intnc acid is itself decomposed, and nitnc oxide gas piodiicidj 
wliicli comes otl witli efli'iM'seeiue Palladiym and siIvit, wlien tlun 
are dissolved by the acid in the cold, produce nitrous and iii tlu 
bt[uor and eioKe no gis, but tins n Mty iimisnal in tlie solution ol 
mi t.ilb by iiitiic aeiil Tliose nu lals, siu U as /me, wbicli are dis- 
soKid 111 diliiti <1 adds with the evolution of liydiogeii, act in two 
w'ays upon iiihie aeid, sometimes limy dc'eoiiipnse it, so as to disen- 
gage a mivfnre of pcioMilc ot niliogcn and mine oxide, and at 
otbci (lines tliey decompose both wall r and nitiic and at once, in 
siicli ])iopoitioiis tliat (be hydioiccm of tlie water eombines witli llu 
iiitiogeii of tlie acid to toim aiuiuoma, ubicb list combines wil'i 
anotlier poitiou of ae id, and is iitiiiuel in llu lu|iim as^^nitiate ol 
aminoiua TUc puitoxidi of iiitiogcu is also i.\olve(l wliui /me is 
dissob cel m \ 1 1 > fi t ble niliie^ .mil, wine Ii ma\ aiisi bom (be iictio.i 
of lijdiogni n])oii nit Me> oxide' Niliic and, iii its bigliest stati ot 
conceiitiatioiij excits no violent actum upon eeit.iiii oigaiiic snl). 
stances, sueli as lignin or woody tibie .iiid staieli, ’or .i shoit time, 
but unites with llieiii and tonus snigul.ir compounds A prope'i acid 
ten such e\])eiim( iits is proem ( el with most ecitaiiitv In distilJmg 
100 ]),ii'ts ot mile, willi no moie tb.iii (it) pails eil tin' stiongest ml 
of vitriol If p.ipcr is soaked feu one iniimte in sni li an ac'iil, ami 
ufterwards washed with w.itei, il is found to sbiivel up a little ami 
become iieaily ,is (oiigli as ji.iie liiiieni, and wlieii clued to be leiiiaik. 
ably inllamm.ible, r.itclimg fiie at so low a te'mpeiatuie as .iml 

bmuiiig without any uitioiis odimi ( I’e lou/e ) (^i if Hu* slioiiii; 

imelilnted uiliic acid of ceunnieiee be mixed with an eepial wemlit ol 
oil of vitriol, and eotlem wool be iniineiscel m the' mixture !oi a 
uiiuute or two and afterwards washed with wate'r, it is (emvi‘itt<l 
into giiu-cotton, witlioiit iiipiij to the cuKoii fibie (Se lioiibeiu) 
T?itnc acid forms an iinpen taut el |ss c)f salts, the iiitiates, wliieli 
occasion deflagration when fused with a combustible .it, a liigli tem- 
perature, trom the oxvgc'ii in then .icnl, and aie ir markable .is .i 
cl.iss for their general solubility, no nitiatc being insoluble in w.ilei 
llie nitrate of the black oxide ot mercury is perhaps the least solu- 
ble of these salts The intTuti's eif potash, soda, ammonia, baiyt.i, 
and strontia, are anhydrous, but the nitiates of the extensive mag- 
nesian class of oxides all (ontaiii water in a state of intifnatc' com- 
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bmalioii, and li.ivo a foiimila analogous (o tli.it ot ludi.itnl mine 
.Kill, 01 thr nitrate of viatcr ifsrK Of the tom atoms o( w.ilii (ou- 
tlined in In drated nit ric aci<l ot sp i»r 1 1 2, one IS (omlnmd \mI1i 
the acid as base, and ina\ be named htt'>n n.ilet, uliih the otlui 
Ihiieare in eoinbination vvitli the iidiate of wain, and m.i\ bi 
teiiiied the (onstitntioiKif \\a\vi o( that sail 'I'lie sainetbii'i atoms 
of foiishtiitioii.d natei .iri^ foniid in .ill the mnjiiusian nili.itis, with 
till' addition often of .mothei tliiee atonib ot w.itc'i, as a|)pe.ns liom 
the folloMing foimiil.c — 


Nitiie aeidj 1 r2 
I’lismatie niti.ile ot loppei 
Khoinboidal niti.ile of (oppm 
initiate of inai'iicsia 


IK) \().4 dno 
CiiO \0,+ 5110 
('i.O \0, + 5110+ :]IK) 
.M-OAO-, t 51104 ailO 


% 

It IS doubtful \iheih( r tlu piopoitiou of t onstilnlmn.il wain m 
,m\ o( these luti.itcs (an In lediuid bi lovi ‘5 itoms bj lu.il without 
Ihi loss of a poitioii of iiiluc add .d the same lime, and the ]).iili.il 
detomjjosition ot the salt 'The nitiati s ot the polish .mil m,iu;ni‘- 
si,m ( lass( a do not eonib'iie toi'itlui, .iiid no doiibli' niti.itis aie 
known, nor intiatcs willi evecss of and Tin' iiitiates willi e\(ess 
1)1 metallie ovide, winch au c.)llid subiuli.ili s, .ijipe.ii to In ioiiind 
on till’ type ot the m.ignesi.ni (l\ss the snbinli.iU' ot (oppei, bt iiig 
Cut) Xf).. + 3CiiO .51T0 (Odbaidl), ni niti.ile ot coppn \ntli ‘5 
.itoms livdiatc'd o\ide ot (oppu The w. ltd is stronglv iilaiiud, 
and reipnies a tempei.itnu' ni 5110'^ to c \i)i 1 it The mti.iti oI nd 
OMile of nidciuv IS ITgO XO^ + lIgO (Kane ) 

Xitnc aeid iii a solution cannot In (tetdlcd b\ pii cipitaling lli.it 
Kid 111 conibmatioii with <ui\ b.isi, as the nili.ilts ,inj ,dl soluble, so 
tl'.it tests of anotlirr nalmi iiiiist be b.id leeomse to, to asiirtain 
itij ])icsencc A lngblv dilulcil soliiliou of snlph.ito of nidigo in.iy 
be boded without cb.uigi, but on adding to it .it tlu^ boiling lem- 
pcratuic a Inpiul containing tree mil k and, tlu' bln" foloiir of tlie 
indigo IS soon dchtio^eil H d mnti.il iiiti.iti winch is tested, 
.1 little sulpbu 1C acid should be .iddid to tin solnlioii, to libeiaiC 
the nitric acid, before mi\nig d mill the snl]di!itc ol mdigo It is 
also iicccss.iry to guard ag.unst the pieseiiic of a liare of nitric and 
111 the siilpbnric acid Anotbei test of the presence of mine arid 
111!) been proposed by Dc llichcmont The liquid cont.nmng 
the nitrate is mixed with rather more than an equal bulk of oil of 
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vitnol, and when llie ini\turc has hcfoinc cool, a few drops of ,) 
strong solution of prolosnlphatc of iron arc added to it Nilric 
oxide IS evolved, and combines with the jirotosuljiliate of iron, p,o- 
ducinga lose or puiple tint even \ilien llic (|iiantilj' of intiic acid is 
vciy small One ji.irt of nitric .uid in 24,000 of water has been 
detected in this manner Free nitiic acid also is incapable of di-. 
solving gold-leaf, allbougli heated upon it, but aeipiire-. that jirojieity 
when a drop ot In dioehloric aeid is added to it Hut in testing tlie 
presence of tins aci<l, it is always .ulvisjible to neiitrab/e a portion of 
the liquoi willi jiotash, and to evaporate so as to ohtain the (hm 
prismatic ervstals of nitic, wliuh may be recognised b_y tlieii foini, 
by their cooling infioiis taste, their power to di'tlagiate conibustibh s 
at a red heat, and by the ebaraiteiistic action of tbc and they con- 
tain, when liberated by snlpbnnc acid, upon lopjicr and oilier uu'tals, 
in W'bifli ruddy nitrous lumes are pioduced . 

If nitnc acid bo ngidly pine, it may be diluted with distilhd 
water, and IS not di«tiub"d by nitrate ot sdver, noi by c blonde of 
bainiin, the first ofwlneli disroveistbcpieseiiecoflnflioeblonc acid In 
producing a white jirceipitate ofcliloiide of silver, the last diseoveis 
sulpliinie Kid by touuing the white nisolulde sul|)liale of baiytn 
n'be fuming nitiic acid may be ticed from liydiorblonc acid, b\ 
retaining it warm on a sand-bath foi a clay oi two, when the ebloiiiie 
of the bydrocliloiic atid goes olf as gas To fiee it from sulpliuric, 
it should lie diluted with a little water, and disldled from ii trail* oi 
har^ita, lint the process foi iiitiie^ arid which has been dc'senlied 
gives it without a trace of sidjilmnc and, when ciu fully eonducted 
f/ses* — Mitnc acid is soineliinc's used in the fmnigalioiis recpiirc'd 
for contagious diseases, paiticidailv lu wards of j.osjntals from wliicli 
flic jiatic'iits arc not removed, the fumc's of this acid bc'ing gre.itly 
less irnliiting than fhosc of ehlonne For the purj^iosc of fumigation, 
pounded nitre and concentrated sidphuiic acid are used, being healed 
together in a^ eiip Nitnc acid is par excellence the solvent ol 
inelids, and has other most innncious and vaiicd applications not 
only in cliemistrj, but likcviise m the arts and manutac?turcs 
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’With liydrognij introgtii louns .i u'nuiik.iblc g.i^coLis compound - 
aiuiuoni.x, vhicli dcioc's its nainc tioin s.d .inimoiiKiCj a s.dt liom 
flinch it IS gcncT.dly cxtiactcd, and wliicli iig.iiii was so ii.nmil liom 
Ining first jircjiarcd 111 llic dibtiict ol \iiiniom.ij inljjbi.i Ainiiioiii.i 
Is pioduccd 111 llio di’-'liiictuo distill.iliou ot .dl oigaiiic inattcTs (oii- 
I ninng iiitiogciij AiIiiHi has givrn iiso to 0111 of ils popiil.ii nanus, 
I he IS[)iiits of Tlaitsliorn It is also jnodiicid diiiiiiii: the jndii lat tJoii 
of die samem.itteis, and finds iK \\a\ inlo the .itniospbni' (page d-il)) 

V liacc ot it IS always louiid m tin* nalu'e ovules ol non, in (he 
vaiielies of elaj, and in some othei iiininals 

l^’itiogeii'and bydiogen iniscd logetlu i do not evlnbit .my dispo- 
sition to combine, even when 111 . itcd, bill il eliitui spjiks bi taki n 
(Inoiigb a niivluie of those g.ises, ji.nticidnlv with the piesuice of 
<iiiv acid vaponi, a seiisdih tiace of .x alt ot .mnuoina is puiduced 
Ifidiogen, howcwoi, if (wolsod in loiil.ul with inliogin, will in (ei- 
t.nii tiioiiiiiblances foini .iiiiiiionia 'I’lins ni the i listing ol non in 
w.itir (ontaining an oi iiilio'in and (.nbonu .aid, Hit liMhogt n 
winch lb thin cvolxid tioni (he di (oiii]H»sition ol tin watii, .ippi.iis 
to (Oiiibiiie 111 its nascent slate with iidiogi n U, while /nu is dis- 
siili nig in dilute sidplniuc .uid, intiic .n id be iiildid iliop by iliop 
till the evolution ot bveliogi’i g.A ee.ises^ die lillei will he loiitiel (o 
li.ive unit eel w itli the iiitiogen ol the iiiliie le id, aiiel nine li .iininoni.i 
to be foimed, the oxygen ol tin iiilne ae id f oinlniiing w itli bydio- 
ge II .dso, to finiii w itei, at llic' sain, linie 11 the' piojioilion ol 
iiitiie .icid be lelalively siti.dl, -Ml Aesbitt (imls tlial il m.g be’ em- 
tnclv converted into .niniioiiia in tins ni.nnu’i W lun /me is dis- 
solved r* nitiie ae id alone, wliuti is iieillii'i inne li eblnted noi veiy 
slioiig, but 111 an irilennediato eoiielition, the same' suppiession ol 
hvdiogen and formal lou ol aniinonia is obsiTved 

— In a btate ol punty, .iimnoni.i is .i gas, ol winch 
tl e well- known /yy/yy/y or at/itn ainiituintB is a solution in water 
'fills solution, which is of coubt-int use as a le.igi'iit, is piepared by 
laiMiig intimately sal ammoiiiac (li^droclilor.ito ol ammonia) with an 
<(|U.il weight of slaked lime, introduecing the mevtiirc into a gl iss 
ictnit or bait-head, winch is allerwards filled upwitli slaki’d bine 
(A, fig 111), and distilling by Ihei diil'nsed lie.at of a cli.iullu or 
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saud-pot If rccouit-c is had to the g«s-f!aiuc, the hc.it in, ay be toii- 
vcmenily diffiiscd by placiiijj; the burnt r \Mtlim .I'cyliiulpi of «linl 
iron ,ibout 11, iiichos m height, .is lepicstnlcd in the figure, iiith ,i 
perforated ht.igt B, loioied with snnvll fiagiiieiits of ])iinnco-«ltinc, on 
ivliich the tia'-k A IS supported Auiinon).ic.il g.is conn soil, wliidi 
should be conducted into a (piantity of didillcd w.itrr m tlie hoKli' 
C, to toridi use if, eipi.ilto the weight of the salt unployetl {Jhloiide 
of ealtium and the excess ol lime itiiiani iii the ictort, and .i coiui- 
der.rblc (lu.intily ol w.ittr is libci.ited ui the proress, and tlistils o\(i 
with the aimnonu This icoctioii is exjil.iiued in the lollowiiig 
di.igram — 

PROCI SS 1 OK AMMONIA 


Before daoinpnsition 

53.5 ITydrochloratej^^™™ 

ot animoma ' 1 

UdUorinr 35 5 


28 Lime 


/Oxygen 
.J Calcium 


— 1^. - - 

17 1 7 Ammoma. 

1 .. 


•9 Water 
55 5 Chloride of 

calcium 

81 5 



5 81 £ 81 5 

Or in symbols • N Q and Ca 0=N Ilg with H O^and CaCl 


To obtain ammoniacal gas, a portion of tlie solution prepared bv 
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preceding process may be introduced into a bmall plriiii retort, A 
] 12), by means of the long funnel B , and tbc shoiL bent tube 
Fig 112 ^ being adtiplid by a peitorated roik lo Ibe 

moutli ot llie retort, tbe lujnid is boiled b} a 
1 gentle httii, nben tlie gas is fiist exjK'lled liom 

C its sup'Tiot volatility, and collected in a ]ai tilled 

with mercury, aiul inverlcd ovei llie iiniciinal 
|| trough (fig 113) Or the gas may be deincd 

a at once Iroin s,J ammoniac, mixed nitli twiic its 

u fight f)f f|iiuk]imc in a small retoit, and eol- 
h'ftcfl ovei meicury 

Pioju'ttii", — Ammoina is .i colourless gas, of 
a strong and ]mtigcnt odoiii, tamiliai m spnits 
ol haitshorii Tl is (omposed of 9 \ohimes of 
* ' nitrogen and G ot h^diogen, (onilcnsefl into 4 

voluiiK s, «huli foim the coiiibimiig mi asinc of 
tins gas ATUinonia is rcst>l\ ( d into its consti- 
tuent gases, 111 thcM piopoi lions, when fraiis- 

V mitted fhiongh au igmfed jancelain tube ton- 
* (aiuiiig platinum, iron, Ol topper wiie The two 
latter metals absorb a little nitrogen (Despiet/), 
^ and become buttle, hut fin plafimim remains 
nn.illtTeil Ity picssuie ot G 5 atmospheres, at 
50°, it Is eondi'iisefl into a transjmrent colourh'ss 


Frt. 113 
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of which the sp qr is 0 7.U at (JO” Ammoinacjil gas is ni- 
flanimiibh* iii an iii ii low ilcgne, biuiiing in conf.icf witli the flame ol 
a taper A small |ct of this gas w ill also bm ii in gt'ii A nu\1 ui c 
of ainnioniiical gas with an equal volume of iiilioiis oxide m.i\ bi 
detonated by the eletlne sp.iik, and alfouls Writer and nitrogen 
Water is c.ip.ible of dissolving about '•00 times ils volume ol ainino- 
niacal gas in the cold, and the solution is alw.iis spcei(hall> liiithtei, 
and liris a lowei boiling jioint than pine watei Arcoiding to the 
obseuatious ot iJavj, solutions of sp gi 0 872, 0 flOl 1, and 0 tX)') J, 
contain icsjicclivilj 3‘2 5, ‘25 37 and *) 5 ])ei rent of nnmioni.i Mi 
(jrifhn, who has ponsti noted a t.ibh* of the densities ol solid ions ol 
.immoiiia fiom experiment, finds that no smsihle (omleiisation o' 
voliime oeniis in these iriixtiiies, and thrit thin densilies, are llii 
mean ol those ol watei (1) and aiilijdious li(|md ainmoiiiii, siqiposing 
the latter to be 0 7033 at (52'’ (Mem ('hem Soe in Isf') \mmo- 
macal gas is also laigel} soluhli in aholiol 

Solution of ammonia has an acrid alk.dnie f.isli', and piodiins 
blisters on the tongue and skin \Mien cooled slowly to — it)'', il 
eiystalhzes in long iieidles ot a silk) Inslie 'Pile sohdion his ,i 
tcmporaiy .iction upon luimeiK papei, whuh it c.tnses to bi* blown 
wlnlc humid , it also restores the blue (oloui ol litmus reddeiud In 
an acid, cimngos (be blue loloiir ol llie inlusinu ol led cabbagi' mio 
green, and neutrali/cs the stioiigost acids, jiiopertici) wliieli it pos- 
sesses 111 common with the lixod .ilkahcs Tt is distinguished iis tin 
volatile alkali AVhcii amnioiiia is free, it m.iy idwajs be (li->covi'i d, 
by its odour, by fotmiiig dense white fumes wilb b^diorbloiic atid, 
and by piodiiciiig a deep blue solntuni with salts ol copper 

Ammonia, m solution, is detoinposed by chlornie, with the evolu- 
tion of nitrogen gas .md lorrnatioii ot lijdioelilorate of auiinouia 
when ammonia .iiid cliloiine, both in the state ot gas, are mixed 
togetlier, the action that ensue!) is attended with llaine Dry lodiin 
absorbs amni&iiiacal gas, and forms a brown viscous liquid, wliifli 
water dceoinjioses, dissolving out liydnodate of ammonia, and loin - 
mg a black powder, wliicli is the explosive iodide of nitrogen 

Ammonia, forms several classes of compounds witli acids and s>ih“ 
(page 202), and exhiliits highly curious leactions with many otlici 
substances, which do not admit of\)cing discussed so early, but wlm 1' 
I shall return to later in the work. 
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JSKCTION IV 

. ('A It BOV 

Kif U at 75, (!, of taiioHt (hi/iioflu ti' it!) Ill) — j 

(\iil)oii IS ioiincl 111 groH,! abiiii(l.mpp in flu- mineral kingdom muted 
Hilli other subst.iiK e*,j :is m coal, ol wliicli it is (he l)<isis, and in (lit 
,iti(l ol carbon, i(es it is ^Iso the moat consideiable eleinciit o( tin- 
solid p.irts ol both animals and vcgc'tables Jl evisla in natuie, oi 
111 , IV b( ol)t<niicd by ait, uiidet ,i,v.irictv ol ,ip|)e.irances, and possessed 
ol Miy diircicnt |)li^s](,d piopci(ies Caibon is a dimoiphoiis body, 
()(( mrmg cr3,stalli/cd in the diamond and gi,i])lutL in wholly diHVreiit 
loriiis, and when ailificially pioduccd loiimng seveial aiuoiphous 
v.uielies of fhartoal which <xrc \eiy nulikt each oilier 

Jh(ttno))>l — Tins valuable gem is tonnd (liioiighout the range ol 
the (ihauts in India, but cintlly al (lohoiul.i, in Romeo, and also in 
llr,i/il It i** ,ij\v<ys associated with tirinspoited inaten.ils, such iia 
tolled gravel, or fontul m a sort ol bieeei.i oi [ludding-slone, com- 
posed ol liaginoiila ol jasper, (piartiS, and calcedony, so that it is sliil 
a tpiestion whether (he dianioiul is of nnitcial oi vegel.iblu ongni 
On removing the euist with winch tlie cijsl.ils .ire covered, they 
.lie exceedingly biilliant, lefi.ut light powtifnlly, and ate goiio- 
i.illj perfectly ti.insjiaient, .ilthongh diamonds aic sonielimcs bl.iek, 
hhie, and ol .t he.uitifiil rose-roloiii 'I'lie pi unit ive form of diamond 
I" the rcgidar octoliednm, oi two foni-snled pyramids, of w'liicli tin 
laces aie ecpiilalcial 1 1 i.iiigles, applied base to base (fig 5d, jiagc Kid) 
It is more fietyuently loniid m tlie pyi imidal oetobedi on , — ,1 ligine 
hounded by sides, which piesciils the geiiei.d aspect of ,i legnlai 
oclohedion, on cveiy facet of which h.is been placed a low pyntimd 
of tin CO fact ts , or, tacli lartt ol llic octohedron is icplaccd by 0 
secondary tn.mgles, and the cryst.il bt'comes almost sphencal, and 
piesents 1.8 fac. is These facets olteii appeal curved from the cllcct 
of iltrition The diamond can .ilvvays he cleaved in the direction ol 
the faces of the octohedron, winch possess that particular brilhaiicy 
characteristic of the diamond. It is the hardest of the gems An 
edge of its crystal lormed by Hat phii*s only scratches glass, but if tlic 
edge IS fotmed of curved faces, like the edge ol a convex lens, it 
then, besides abrading the surface, produces a fissure to a small 
depth, and in the foim of the glazier’s diamond is used to cut glass 



CAltBOjr 


;i58 


The weight of (Immonds is generally estimatcil by the carat, wlucii w 
about 3 2 grams Tlie diainoml is rcinsTkahly iiidestructiblr^ and 
may be heated to \ihiteness m a covered crucible witiiout niiury, but 
it begins to bum m llic o|)iii an, at about the melting point ot silvei, 
charcoal ''ornetiines appealing on its lurfaceyivnd is entirely converted 
into Cell home acid gas When heated to the highest di'gree between 
the charcoal points of a stiong voltau battery, the diamond swells up 
eonsideiablv, and duides into portions Alter cooling it is found 
entirely alteied in appenaiue, having become ot a metallic gray, 
fiiable, and re'-eiribliiig m e\eiy lespect tin coke from bituminous 
foal This expennient appeals to show that .i bigh temperature is 
iiTifavoiirahlc to the ('\i''ten(e ot diamonds, and that they eauiiol 
tlieietoie he oiiginally foiinul at a\<iy (lev.iltd temperature Tin 
diamond is rpiukly ooiisnined in tnsed iiitie, wbeii the caibonic 
acid IS retained h\ the potasli, this is a smijilc mode'ei* analyzing 
till (h.imoiid, liy Minch it has been jnovml to be pnic carbon The 
diamond is a lum-coiidnctor ot electiicily Its dmisitv vuiics fioin 
3 5 to 3 55 

(iiaiihitc — 'I'liis uiinoml, mIiicIi is also knouii ,is lllack Lead and 
I hnrihago, oicnis iii loiindid masses deposiKd in beds in the jiiiini- 
ti\e loiuiatioiis, ])<u(iculaily iii graiiite, mica schist, and ])nmilive 
limestone iioiioudali' in Ciiiiibeilaiul is a celebrated locality ol 
griipliite, and adoids the only spetnnous mIiicIi aie snUicieiitly Jianl 
tor making peiuils \t is occasionally found civstalhzed in ])l.iles 
Mhieh aie six-sided tables Ciraplvte may also be producexl arti- 
fieially, by jniUuur an excess ot cliaicoal in contact with fused cast 
iron, mIkii a portion ol the caiboii dissohnt,^ uiitl sipaiatcs again on 
cooling. 111 the loim ot laige and beautihil Icallets In the condition 
of graphite, eaihoii is pirlectly opaque, soft to the (ouch, possessed 
of the metallic IiisIk, and ol a specilic giavily fiom 1 9 to 2 3 It 

akays contains non and manganese, uppaiently in the state of oxKl(^, 
and in conibii>ation Mitli siluicand titanic aeids, someliincs to tin 
extent of 28 per cent , hut m some specimens, as in those from Barn ro'' 
m Bia/il, not nioie than atiace ol those inet.ds is found,nv]nch is to Ik 
^11 u crcil .m accukiitdl fonstitucnt, aiul not o^'Soiitial to theinineial 
eit icr in the form oh^dianiond nor graphite docs carbon exhibit any 
indication of lusion or volatility^ under the most intense lie<it 
atnudti IS otteii iieailypurc carbon, but always contains a portion 
^ 0 lyi rOjjCii, and is lelated to bitiflinnous coal, and not lo^ ginpliite 
Chuitoal Owing to its intusibilily carbon presents itself under 
a variety of aspects, according to the stincture ol tlic substance from 
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wlncli it IS denved, and the accidental circumstances of its propara- 
hoii The following are the ]niiicipal varieties gas carbon, lamp 
black, wood charcoal, coke, and ivoiy black 

1 Gas carbon has the metallic lustre, and a density of 1 7(5, it is 
compact, generally of a iijiiirimillated stincturc, but soiiictnnes in line 
libies, and considerably resembles giapliite, but is too hard to give a 
slnak upon ])aper It is the pioduct of a slow deposition ot caibon 
iioui co.il gas at u high teinjii raturc, and is treriuciitly lound to line 
the gas retorts to a considci.dilc thickness, and to fill up accidental 
(insures in them * 

3 L.imp black is the soot ot iinpiireclly bin ued combustibles, 
sncli as tar or resin (j.uboii is ihpiMltd in a povuh i of th<’ same 

II ituie, and of the jinrest fonn, when aleoliol va]H)iii oi a volatile oil 
is transmitted through a pom lam tube at a red lieat , and the 
lustrous clutfeoal, wliuli is obl.niied on calpimiig, lu dose vessels, 
stardi, sugai, and many othei oigaiiic siibstamcs, wliitli luse and 
atlord a 1‘iight ve^ncular caibon of a metallic liistit, is possessed of 
till' same cliaiai teis The eliauo.d of (be lattn soiiues, binvevei, 
alw ,\\ s lot, nils iiaecs of o\\ gr ii and h\ di ogeii Liunp black is di lieu ill 

III an alt lacliou Ic* oig.vnic matleis m solution, which orilinaiy cliiueo.il 
[losscsses 

‘5 ^\ ood t ii.ucoal NVood was found by karst cn to lose 57 per 
cLJit ol its w tight when tlioioiiglilv diied at 212*^, iiud 10 per cent 
mole .it 50 t'^ The icmaimng 32 paits ol b.iked wood allouled, 
wlie/i c.ilcirii dj 25 of clmrcoal , w liile 100 [laits ol the s.mie wood 
(.iliiiicd, without btiiig pievioiisly dtiid, leit only LI pir cent ol 
(arbori it is the absciiee ot this Inge (|ii,.iili1y ot water winch 
tiiisis the heat of hiirtiing diaieod to he so miieli more intense tli.in 
ih.it ot viood W lieu c.ilemed at a high teiriin ia( me, eliarco.ii 
hnoiiKs dense, h.ud, ami l<ss intl.uuiii.ible ^I’lio knots in wood 
sometimes afford a cli.irr oal winch is p.iitii iil.irly h.ud, ,iml is used m 
polishing mot.ils, but it contains silica From llic* iiiin,Litenesa of its 
poiLs, tlu' charcoal of wood .tbsoibs m.iny times its volume of tlie 
more li(|ueh.iVle gases, such as .immomac .il gas, livdioclilorie acid, 
liviliosnlphiiuc .Rid, .mil (aiboiiic acid, condi using M(1 times its 
volume of the first, and 3.5 of the List of oxygen, it condenses 9 25 
volumes, of nitrogen, 7 5 voliiinup, and of hydrogen, 1 75 volumes. 
Tt rilho absorbs moisture with avidity fiom the atiriosplieie, md 
oilier condensible vapours, such as odoriferous eflluvia From this 


Dr ('olcjuhouii, Auuala uf 1’1ii1ue>oj)1i^, New Sciirs, \ol xii ]■ I 
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J.ibt propprty freshly cakiiiod charcoal, wlketi wrapt up ui clothe^ 
which have rout rat toil a disairpcoihJc odour, destroys it, and h.is a 
considd.ihh; dlofl iii idaidmg Ihc ] ml refaction of organic maltci 
willi ivliich it IS placed in contact Watei is also loiind to rcin.iiii 
sMiet, and wini to be iinpiovcd in cpialit), ,if kept in casks of whidi 
tlio inside lias Inen chaiicd In the state of a coaisc powder, wood 
charcoal is paituiilail} .iiiplicablc as a lllUr foi sjiiiits, wliuli i1 
depiives of the essential oil which lhe> contain It is much less 
desIriK fibh h) atmospliciic agencies tlian wood, .uid hence tin 
ponds ol slakes aie ollen chanc'd, hifore being diiven into llu 
gicmnd, in oidci to jnesene tlieiu Cliauoal dceoinjiosc's the vapom 
of watei at a led lical, gi'uig use to a gaseous mixture, which w is 
loiuid hy Ihiiiseii to consist, m it)t) voliiniis, of hydiogen 50, cai- 
bonic oxide 29, carbonic acid 11 S, and light eaiburcttcd hydrogen 

0 2 \olninc 

4. 'file coke ot tliose species ot coal which do not fuse when 
lic'alul IS <i icniaikahlj dense cliaicoaf, consiihiably resembling that 

01 wood, and oi gieat value as fuel, lioin the high tcmpeiatuic wlncli 
can be jiiodnccd b\ its coinbiistion Wlicii burned it gciuTallv 
lonies 2 oi ‘j per cent of (.iitlu ashes, while tlie ashes from wood 
thauoal si'ldom exceed 1 per cent The deiioity ot iiulvensed coke 
vaiiLS iiom I () to 2 (J Coke and wood cliarrnal, niter being stroiigh 
lieatcd, au good eoiuUiclors ol olectncity 

5 Tvoi> hlaik, Hone bl.uk, .iiid Aniin.il cbaicoal, aic iicunes 
applied to laiiu (alciiied or con\ei1'«l into c li.in o.il in aclosevesskl 
The (li.nco.d tlnis produced is mixed w'lth not less than 10 times 
its weight oi pliosjdiate of lime, .ind being in a slate ol extrena 
flivi-ioii, c xposps a gieat deal ol surl.ire It iu)ss(*ssi>s a leni.aik- 
■ible atti.u tion loi oigaiiic colouiitig m.ittcrs, .md is exteii-'ivcb 
used m withdi.iwing the coloniiiig m.ittor tiom syrup in tiu 
leliniiig ol sugar, liom the solution ot t.irtaric acid, and m the 
imrilicalioii o* many otlui oigamc lK[ii]ds Thu usual piacticc, 
whidi was mtiodnced b} Diiinonl, ig to liltcr the liqiud hot through 
a lu’d of tills ch.iicoal in giaiiis of the si^c of those of gunpowdii, 
and oi two or thiec feet iii tluekness It is found that the dis- 
colouring power is giently icduced by dissolving out the phosphide 
of lime liom ivoiy black by an acid, although this must be done in 
C( rt.nu apjilicatioiis of it, <ss wlieii it is used to discolour the vego- 
tabh' acids, A ch.iico.d possessed of the same valuable property 
even 111 a Inglui di giee foi its weiglit, is produced by c.dciiuiig dried 
blnod, hoiiis, liools, clippings ol hides, m contact witli caibonatc ol 
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potash, and washuig the calcmcd mass afterwards with watci Kvoii 
vegetable matters afford a tharcoed possessed of considerable dis. 
(olou ring power, if mixed with chalk, calcined flmt, oi aii\ (dliei 
eai thy powder, befoic bi mg caibom/ed fhii lmiidn(l jintsol jiijn 
clay made into a thin pi^ste with wntei, and well mixed with ^l) jiaiL'i 
of tai and 500 of coal hnely piilveri/eil, have been found to alloid, 
atler the mass wms dned and ignitciloul of enntaft with an, a diai- 
eoal which was hUle inteiior to bone black in qiiahiy V\ lien cliai- 
(oal whuh has been once used m such a lilfrr is calcined again, il 
IS found to have lost nnuh of its distolonnng powei Tins is oaiiig 
te tlic deposition ujioii Us surface of a Instious cliaieoal, of tlie I, imp 
hlatk variety, piodured hy the deiomjiosilion of the oiganic coloiii- 
nig matters, which has little oi no discoloin iiig jiower Ihit if flic 
charcoal of the sugar filtcis be allowed to fi'inieni, the fouigii mattn 
mil is dositojed, and if afteiwaids welt washed with walei and 
dried, before being ealemed, il will be tonnd to mover a loiisidoabh 
poilion of Us ongni.d power 

Hussy has eonstiucted, fiom obseivation, llu' iollowing t.ible oi 
the eincieiicy pi the diHuent eliaicoah 'I'liesi* substaiu es are coni- 
])aied with ivory* black, as being the most feeble species, all hough 
this is superioi by several degrees lo tin* best wood chaicoal '^I'hi 
relative efhcicney, it will be observed, is not tlie same foi two dU- 
leicnt kinds of colouring inattei — 
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This remarkable .ichon ot charcoal in withdrawing matters from 
solution IS certainly ,in .ittraetion of surfacr, but it is cajiable, not- 
withstanding, of overcoming ihoinical aflinities of some uitensily 
The matters remain atlacbed to the suifacc of the charcoal, Avithout 
being dccompo''ed or alleicd m nalim* Fop il the blue sidjiliatc of 
mdigo be ncutrah/ed and then fdtered through ch.ircoal, the whole 
cohminig mattei is retained by the latter, and the (dtered liquid is 
colourless Hut a solution of caustic alkali mil divest the charco.il 
of the blue colouring rnattei, and cairy it away m solution The 
salts of quinine, moiplniie, and otliei otganie bases and bitt(*r jinii- 
ciplcs, are e.iriud down by animal chaicoal used in eveess (Waiiiigton, 
Mem Chern Soc in 320) ITenee this substance is a very genual 
.mtidolc to vegclablc poisons, as was piovcd by Dr CJaiiod Ollier 
substances also are earned down by animal chaicoal, besides oigamc 
matters Lime from lime water, iodine fioni solulioil'm iodide of 
potassium, hjdrosuljdiunc acid lioni solution m watei, soluble sub- 
sails of lead, <ind metallic o\ides dissolved in ainmoma oi caustic 
jjotash , but d has Idllc oi no action ujioii most neutral salts The 
ebareoal is apt with time to leact upon the substance it tarrii's down, 
jirobabl^ from tbur close iioss of contact, lodiu mg the ovides of sdvei, 
lead, and copjier, for instance*, to the metallic state m a short time 
Animal charcoal soon disappeais when heated m cbloiiiic watei, and 
IS eoruerled into caiboiiic acid, andtbc ailimhes of carbon geiieially 
are more uftive m tins tluiii iii its other forms 

Carbon IS chemically Hie same iindei all iliesc forms Tins ede- 
ment Ciiimot be cryslalhzcd artilicially by the usual methods of fusion, 
solution or sublimation, d we e \ccpt its solution, in cast iron, which 
gives it 111 the foim ol giaphile* ami not ot the diamond It is 
clieinieally indiirc rent to most boelics at a low temperature, but coiii- 
bmes directly with some* metals by lusion, and forms compouiicJs 
innm d f or taihiiUs iii these compounds, however, the 

metal Is mosb^piobahly the negative conslitiient When healed to 
low redness it burns readily in an or oxj gen, forming a gaseous com- 
pound carlioiiit acid, w’liicli, when cool, has sensibly the same vohimi' 
as the ongmal oxygen AVitb halt the ]irciportion of oxygen in cai- 
boiiic acid, carbon ioneis a protoxide, carbonic oxide gas The hist 
gas bung supposed similar to steam or to nitrous oxide m its constitu- 
tion, will be composed of 2 volumes of carbon vapour and 1 volume 
of oxygen gas condensed into 2 volume's, ,m assumption i^on which 
the density of carbon vapour, wluch there are no means of deter- 
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mining experimentcilly, is usually cdlculatecl, and inado about 420 , 
the combining Tno<'isurp of this vapour coiitaimng 2 voIuuils (page 
I JS ) Tbc density deduced from tlie equivalent ot carbon is more 
iicaily 0 * That the equivalent ol carbon is exactly 0, as oii- 
giiiiilly maintained by Dr*Prout, has been established beyond doubt 
by M Dumasj by the combustion of the diamond in a stream ol 
owgen gas Pure eaibon then unites nutli oxygen mtbe ])ro])ortioii 
1)1 3 to 8 exactly, or G to 1 G, to form c<irbonie acid (p 361)) 

— Several valuable' applications of this substaiiLe have al- 
icady been incident, Jly desfribed Caibon m.iy be said to surpass ,dl 
oilier bodies whalevci in ils .iflnniy lor oxygen at a high temperature, 
,iiul bi'iiig infusible, easily got rid of by rombii'>tiou, and foiiniiig 
f oiriptiiiiids willi oxygen a hub esca]>o as g,i>,. Ibis body is more 
suitable Ib.iii any other substam e to eflcct the icduttion of metallic 
oxides , tha^ ^s, In depiive them of tlieii oxygen, and to produce 
lioiii llicin the inelal iiith the pio[>eitKi> uliich characterize it 
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Eq, 22 or 275 , CO 2 , 1525) (» , ] JJ 

'I'liis gas was first discovered to exist in hinc-stonc and tlii' mild 
alkali! s, and to be expelled fi 0111 , the lust by he.it, ,iml from liotli 
hy the aclion ol aiuK, by Di. IM.ick, anil nas named by liim Fixed 
All He also reniaiked that the same gas is fumied iii rt'spiraUoii, 
h iinenlatioii, and combustion, it nas alteiuards pioved to contain 
v.<iil)on by Jjavoisici 

f^iepatutwn — Caibonic ,icid is leadily proem cd by pouring liy- 
ilincldonr acid of sp gr 1 1, iqioii fi.igments of in.iible contained 
111 a gas-bottle (lig 1 1 1), or by the aitiuii ot ililnled syl])huiic acid 
iqioii chalk A gas comes off nitli cireivcscence, which may be 
lollccteil at till* water tiough,biit cannot be ictaincd long ovei water 
'villiout eoiisidiiable loss, owing to its solubility 


* The number for rarbon viipimi di duccd^win the density of oxygen gas, that is, six- 
sistecnllis of that diiisiLy, is 414 01 (pago 14'J), wink six foiirttmtbs of the dtiisilv of 
■iilrugLu IS 416 304, and six times the dciibit| ol hydrogen, 415 50 The dtusily of 
iiitrogoii IS pr&bably tlic least objectionable, and the number deduced from it for CiU-boii 
(116) therefore the safest 



rAIMlON 



llicj giLVit weifflil of (<iil)uii]( .iPid a hot lie ma^ be filled 
with iliT^ i^as by clispbu mg an The gas being evnlvlda in the gav 
bnllle A (fig I I '3), is lust eoiive\eil info a w.ish-liolfle U, containing 
Aialei, to ( niideuse , 111 } li>di()cbloii( .wid vapour with nlinli tlie if.i", 
may be aecoiiijiaiiied , then passed tbiougli a U sli.nped diynig lain 
CjCont lining litigincnts ol ddoiide ol (alunni, to abboib aipmnis 
^apon^, and tln'ii eoiivc^ed lo tlie lonci ]).iit ol tbl bottle 1) AA In ii 
geiuiatod m the rlobi' apparaliis of 'I'lidoiier foi the jimposi ol 
b([iiefynig it (jiage 70), this g.is is evolved Ironi bicarboiuite oJ sndi 
niid sidpliurii acid 

llu 115 


Pxiju tfu's — 'I'liis gjs extiiignislics fliime, docs not support am in a I 
life, and leiidcis lime vvatui tui'bwl Its density is considerable, being 
1 529 (llegnniUt), oi a half more tli.ui that of air, the gas toiitainiiig 2 
volumes of the liypollietical caiboii vapour and 2 volumes of oxygm, 
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coiulrtiscd into 3 volumosj wliuh futin tin rombiniiii' miA'^ino, Cnld 
dibsolvos rallur iiioio Ih.iii All oijii.il \ oliimc' of tlii'' ilio 
-.(iliihoii li.is an iigrccalili' at kIiiIdhs .iiiil sp,ukk‘s wIilii jxniud 

liotiL one vo'ssd iiilo .iiiodiei It coinmiinie.ite'< ,i m iiie-n il Inti (o 
11111111“? pfipCTj nlncli dis.imiL'ms again nlicii tlie |)<i|)oi dii('», wlii n 
pained into lime water it Tiist tliiows down a wliite ilak> jiitupil.iti' 
ol carbonate of lime or rlialk, wbidi it afteiwaiiU ledi^'-ohes il tlie 
^(iliihon of tli(‘ gas be .ulded in excess 'J'lie (piaiilitj cii llii' n.is 
uliidi water takes iiji is lomid to be sensibh propoitional lo tin 
incisure, a xi'iy laiM \nliime ol tlie g.is is (oued into sod i, 
111 ignesM, iind ollii'r aciated watei', miidi of wliidi esc.ipis on 
nmoviiig till’ pressiiie lioiii these licpiids 

Licpietied by ]iressnie, c iiboiiif and lias an elashc foiee of ‘IS ') 
itiiiosplieies ,i( 13^ (I‘'aiaila\) The sjioliIk gonit} ol liqiiid tai- 
Ikhik add, / (be same teni|K i aline, is OSJ il dilali's K'maik.ibU 
fiom liial, its e\|)ansion being loin times guatu Ilian that ol an, 31) 
\nliiinei5 the liquid at 5 i*’ becoming 39 at S(d', and its eli'iisitv 
i.iiMiig Irom 9 9 to 0 (i as its te'inpeialnre iim's lioiii — 4" lo 
Il Is a (olomles'i liennel, wli di mixes in all |)io])oilions willi dlii’i, 
.ileolidl, naplitlia,*oil ot tin penline, and lii-<iilpliule ol raiboii, but is 
nisolnble in watei and fat oilb At tempLiatuu ' lidow — 7 it is 
soliil (page 73) 

I’otassniiii healed in a small gkits bnlb blown upon ii Inbi', 
llirongli xvhidi gaseous f.irbojut atld isliaii^milli d, nmldgots oxnla- 
lioii, and libiialos eaibon, the eMstuue of wlndi in the’ ga^ ina> thus 
lie shown, or, foi tins ixpeinncnt, a deaiise’il .nid diy I'loieiice oil- 
llask max lie filled, by displaciment, with llu dried gas (lig I I ’»), 
md ,t ])cllet of polassniin being intioduee’d, coiiibnslieni may be de- 
toiiiiiiied by applying llie Ikiiiie ot an Aigaiul spnil-lainp loi a lew 
"■< I oiids to the bottom ol the llask Ihit buiiiing pliosplioiiis, sn|. 
pIiiiT, and other combn&tiliks, aic iinnudialely cxliiignislied liy tar- 
borne acid, and tlie conibustioii docs not eease lumi the abse'iice of 
oxygen only, but from a positixe iiifliieiiee iii dietkiiig conibnslum 
idiidi tins grtfe exeits, foi a liglitcd tundlo is extiiigiiiblicd m ait 
Qpiitaimiig no more than one-fourth ot its volume ot caihomc rieid 
It IS generally believed that any mixture of tai4)onic acid and air will 
‘iiipport the respiration of muii, which will mmiilain tlie llnmc ol a 
faiuUe, and therefore a lighted candle is oltcii let down into wells 
or pits suspected to contain this gas, to aseeitani whether they aie 


* Thiloner, Annnlcs ilc fliini lI tli I’livi l'^ p 137 
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safe or not Bnt althougli air m which a, candle can bum may not 
occasion immediate iii'^ciisibility, still the continued respiration foi 
several hours of air coiilauung not moic than 1 or 5J per cent, of car- 
bonic acid, has been found to produce alarming eirects (Bronghlon) 
The accidents liom burning a pan of clwicoal in close looms aie 
occasioned by this gas It ticts as a uaieotic poison upon the system 
A small animal tlnown into convulsions Irom tlie respir.ition ot tins 
gas, may be recovered by sudden immersion in cold \v,iLei 

Caibonic aeid is thrown off from the lungs iii icspiration, as mnv 
be proved by directing a few expirations through lime-water 'I’lu 
air of an ordinary expiiatioii cont*uns, on an aveiagi*, as obsiTved b\ 
Dr I’roul, 3 15 per cent ot its volume of this gas, and thcpropnifi'jii 
vanes from 3 3 to t 1 ]ki cent, — being gre.itcst at noon, and hast 
duniig the iiiglit Carbonic acid is also a product ol the vinous ier- 
mentatioTi, and is the cause ol the agieeahle jinngencyiof bcei, ale, 
and other tormented iKpiors, which become stale ulien exjiosed to 
the air fiom the loss ot this gas It also exists in all kinds ot nell 
and spnng Avater, and eontnbutes to their plcasinit llavour, foi w.itei 
which lui3 been deprived ot its gases 1)) lioiling is insi])id and dis- 
agreeable Carboiuc acid is also laigely prod need bj the comhiislion 
of carbonaceous fuel, and ajipeais to c'xist m considerable (|iiautil\ in 
the earth, bcmig discharged by active volcanoes, ami from lissuies lu 
their neighbourhood, long after the vohanoes <ire extinct 'Hit 
Grotto del Cane in Italy oxies its mysterious properties to this gas, 
and many mineral springs, sncli as t’lose of Tniibrulge, Byrmoiit, .uid 
Carlsbad, are highly cliargcd with it If, comes thus to be alwa\s 
present m the atmosphere ni a sensible, alfhough by no means con- 
siderable proportion (page 334) 

Compomtion of (ut borne and — The composition of this sub- 
stance, which, like tliat of water, is one of the fundamental data ot 
chcimcal analysis, is determined with extreme exactness in the fol- 
lowing manirar — A known weight of a very pine form of carbon, 
such as the diainund, is jilaced in a little trough or cradle ol 
platinum, which is introduced into a porcelain tube » b (fig. 110)> 
placed across a furnace To cllect the combustion of the carbon, 
the end a ol this tube is made to communicate by means of a glass 
tube with an apparatus supplying^a stream of oxygen gas, perfectly 
dried by passing through the U^tube JS, which roiitaiiis fragments ot 
pumice impregnated with concentrated sulphuric acid ,7^he second 
and fourth U tubes, a and d, are charged m the same manner The 
bulb apparatus b contains a concentrated solution of caustic potash, 
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and the pumito in the adjoining U tube c is impiognatcd with 
llie same fluid These tubes, u and c, eontaniing the alkali, Mitli 
Jlie tube following them, d, arc accurately weighed togc Ihei m a good 
iMlaiicc. 

>'10 iKi 



The difleicut parts being connected by slioit lubes ol caoiiti^lioui, 
rejnesented in the figure, (he apparatus is then lilhd wilh ovvgeii 
uas, wliieli ought to he slowly disengaged The I ulx' « 6 , wliu h 
(ontaiiis the eailKui, is heated to lednc’"', <iiul tin lalti i sooii outers 
into combustion, and is cliaiigcd into eaihonu add The gasi's pass 
through the senes of tubes a, b, (, n In a, any tiacc ot inoisLuieis 
.ibsoihcdhy the sulphuiie aeid,which may escape lioiii (lie uuicr "luliieo 
ot the tube a b\\ hen heated, and 111 u autl c the e.ubonie .u id ju odui c d 
IS .disorbcd by the caustic alkali. Tlic excess of o\y gi n, w Inch jiasst 
oil ujicoiuh'nscd, takes up' a httle aipicoiis vajioiii 111 n and c, winch 
tends to dimmish the weight of tin jiut.ish appaiatns , for, although 
tlie tension of the vapour of the «ilkahnc solution is siiialJ, the latter 
cannot be used so conccntiatid as to in.ikc the tension insensible 
The last U tube 11 lemedies this incoiiveiiieuce by drying the gases 
jicifcetly again befoic they escape into the atmospheie 

In such a combustion liie foiination of a little e<u hemic oxide gas 
IS to he apprehended. Tins is jirovided against by tilling the part ot 
the tube a by next * 4 , with very porous oxide of copper, winch is 
heated to redness during the experiment lu passing through this 
oxide, any small quantity of carbonic oxide which may exist is neces- 
sarily converted into carbonic atiil The oxide of copper is sep<iralcd 
by a pad of asbestos from that part yf the tube containing the little 
cradle with the carbon Tlic evolution of the oxygen is also con- 
tinued for some tune after the combustion of the carbon is complete, 
m order to sweep the tubes by means of that gas, and carry forward 
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the whole carbonic acid forraetl into the potash bulbs iiheir il is 
absorbed 

On disconiicctiii" the iqiparalns altcrw.uds, and cxamiuing tlip 
cradle iii which fin c.iibon uas jdaeed, to iisceitain whether i(s 
coiiibusfion IS comjilcfc, a hitio incombustible caithy inattei, not 
eNceediny a few liimdiedths ot a gram, will generally be found 
lemaiimig, which had (\i>iod mechanit.dly diihi&ed thunigh tliL 
cMibon 'I'he vuiglit of the ti.ullc and icsidiie, deducted from the 
oiiginal weight of the ciadle and caibon, gives obviously the exact 
weight ot the caiboii consumed, while the oiigiiial weight ot (lie 
s\stoin of tubes », c, and n, deducted fiom then liind weight, guis 
the exact weight of eai home acid foimid, (Coins EluiiciitaiK ile 
ChmiKj par iM. V Jb'giiaiilt ) 

It is found m fhi" wmv (hat (5 paits of caibou pmducc exaeth ‘ii 
p.nts of c.iibomc acid, en e.nbonic aeid eontaiiis — <•. 

1 ect eaihon (? 27 27 

2 ccj ox\gcu If) 72 78 

22 100 00 

I 

(\iiho/ta/r<i — Caihomc acid eonilnnes with bases, .ind foiins tin 
class of caihonates 'riie hediate ol tins acid sums ineri[)able ol 
existing m an iineonibmid slate, but it exists ni the alkalmi bnai- 
boniiti’s, x\lnch arc doidile caiboiiatcs of watci and tlie alkali II 
tins lijdiate weie foiincd, we ma} p'lsmne tliat it would t)c analo- 
gous to the crystalli/ed cailinnale ol magitiMa, ot which tlic toimul.i 
is MgO,CO^-f TTO-t-2110, and also the same with aiiothci 2110 , 
(lie salt of magnesia of most acicK leMMiibliiig the salt ol watii 
Caihoiiate of Imu-, m the h>diated eonditioii, has a snmlai toiimda 
Caihonates of ])otash, soda, and aiiimunia, retain a si long alkaline 
rcadiem, owing to the weakrmss of this acid, and the earbonales 
generally aref decompose d with etleivescamce by all other .icids, 
except the hydiocjanic 

t^c V — Carhoiiic acid is used m the preparation ot ittwatcel wall is 
The strong xesseds in w'lueh the impregnation is ctlected, should he 
of copper, well tinned, and not of iron, as with the cemeurrenee ol 
water carbonic acid acts strongly 6^)on that metal It is sometime'' 
desirable to remove carbonic acvl fioin air or other gaseous mixtaires, 
and this is generally done by means of caustic alkali or Jime-watcr, 
When very dry, or so humid as to be actually wet, the hydrate ol 
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liinc absorbs this gas with much less avidity than when of a certain 
degree of dryiiessj in which it is not so diy as to he dnstj, hut .il the 
same time not sensibly damp The dry ludiatc may be broughi al 
(Hire to this condition, by iriiMiig it intim.ilely with an ec[ual neight 
ot fi\stalhzcd sidjihatc of. soda in fine powd(‘r , and this mixtinc, ina 
>.tra.tiiin of not more than an mdi in thickness, mteiccjits caibomc 
add most completely, and may nse in ic'iriperatiire to abo\e 
Irem the rapid absorption ot tlio gas It is epute possible to respire 
through ti cushion ot that thickness^ tilled nitli the iiiivtiiic, and sucli 
an arlifle might be found nseliil hj paities eiitcimg .iii atinospliere 
o\( r< li.iigcd nith caibomc acid, like tliat of a coal mine aftei the 
(KrniKiiee of an c\])losioii ot tii(*-damp 

( aiboine acid is llie highest degiee ot o\id.i(u)n ol nhuli carbon 
IS siisteptiblc, but anotlici oxide of caibon exists eoiitaiiiing less 
()\\gni 
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AVy' ot 175 , CO, 5)07 8, j J | 

I’ncstley is the discovori'i of tins gas, lint its tine iiaturi' was hist 
|)ointcd out by Ciuihsliaiiks, and about the same (ime liy Clement and 
I 'eMunics 

Pt t put uliott — Caihoiiu a«id is iiadil\ dipriiul ol lialf its 
ONytfciij .it .irrd heal, by ,i laiid^ of siibs(,mc« and so Kiluccd to 
the slate of caibomc oxide The laltii gas may tlicu foie be obtained 
In tiausimUiiig caibomc and o\tr icel-liot Iranments of cliaieocd 
(oiitaiiu'd in an iron oi jioicdaiii tube, oi by calcimng dialk mixed 
nilhl-ltli of its weiglit of diaicoal in an non letoit it is like- 
"i‘'C ])icpar('d by gently heating erystalli/ed oxalir ,icid with live ot 
‘'IV times its weight ot stioiig oil ot \itiiol m a glass k to i Tlic latter 
])ioecss atloids a inixtiire ot e(|ii.d \oliimis ol (aiboiiK and and car- 
Irmie oxide, the element'* of oxalic .wid bung caibon and oxjgen m 
the proportion to form tliese gases, and this aeid being incapable of 
cvisliiig except m combination with water oi sjnic other base Abiw 
the sulphmic acid unites with the water of the cijstallized oxalic 
acid, and the latter acid being set fre^ is instantly decomposed The 
gas of all these processes contains much c.irboiiic acid, of wlndi it 
may be depmed by washing it witJi milk of lime, or a strong solu- 
tion of potash. 

2 B 
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AiioUioi pioccss sui'i'C'itcd by Mr Fowiips alloicls porfootly pun 
li consists 111 hoatiiig llie cryslaUizod IcriopjmiJc of potassium 
Jii .1 glass letoil, 01 llask A (iig 117), with foui oi live tiinus ils 
weight oJ oil of vitiiol 'I'lic gas may ho jiasbod through a wasli- 
hiilllc 15, coniaiiimg a httlo Mater, and be tollecteil in the bottle (’ 
over the Matci-tiougli m the usual inanner One eijuivtilent ot 
leiioc^aindo of potassnim and t) .pnuivalentb ol watei arc thi ii 
lesolved into (i tcpiiialtnts of eaibonic OMde, 2 cij of potash, 1 c(| 
of piotovidc of non, and 3 ccpuvalcnts ot ammonia — 

glv.l’i 06^3 + 9110= GCO + 2K0 + FcO + 3 II ,N. 

Hall .111 ounce of the salt yields .500 cubic inches of carbonic oxidi* 
PiiipetlK s — Tills gas, as has aheady been stated, is piesuined te 
( ontain 3 vot’imcsot taibon vapour, and 1 volume ot oxygon, condiiisi il 
ml o 3 V olumc", so that its combuiiiig measiiie is 3 volumes its dcu''ily 
IS 9G7 79 (Wiede) Carbonic oxide IS li times heavier tli.m 
hjdiogen, like nitrogen, mid coincides rem.irkably m its rate ol 
transpmil ion (page 88) and other physical properties with the Littii 
gas. It IS veiy fatal to animals, fcud when inspired in a pure st.ite 
almost immediiitely pioduees poma Carbonic oxide is not more 
soluble m water than atmospheric air, and has never hixjfi liquefied 
It IS easily' kindled, and bums with a pide blue tlanic, like that ol 
sulphur, eombiuing with half its volume of oxygen, and formiim 
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c iibouicacidj w lucli rchiuis tlic «)ri<;iu.il volume ot llie ( mboim o\ule 
'I'ln-' corabuslioii is often witnessed in <i coke oi (lid.ico.iL liie Tlie 
(.iibouic acid, pioduced in the lowci pait ot the the, is foiiveitid into 
(',iibojnco\ide, as it passes liji (hiongh tin mldiot einbc'i^, and allu- 
HaKN burns above thcln^vlth a blueikune, ivheic it iiieits witii an 

(’aibonic oside is a neiitial bod>, likewaloi, and combines ibn'ilh 
witli only a veiy few subslaiiee" It unites with an e({ual volume ol 
tliloiine uiidei the iiillueiuc of the sun’s ia\s, and loims 
ff.is or Chloroxiciu borne Gas As tlu gnsi s coiitiait to half tlmi 
volume oil combining, the dinsitj ol this gas is tlie sum of (.iihoiiu 
iivide OtJS, and ehloiine 2440, or d tOS , its tniimil.i is CG Cl Cldo- 
to\i( aibonic gas is colouiless, and has a pet iiliai sulloeatmg odoiu 
III roiitact with walei it is dicoinpi>sid at llie same liini with an 
e(|mvalent of watei, lijdiochloiie and tarboiiu acids aie piodmed — 
that IS — 

CO Cl and lIO=C02 and IlCl 

Carhonic oxide is <dso absoibid by potassium geutl) lu.iled, and 
(hat metal is^emidojed to sepaiati Ibis g.is irom a tnixluie ol 
ludiogvii and gaVous caihoh}diogeus, as in the anal} sis ol (oal gas, 
lint (<11 home oxide has heeii su|)pose(l lo e\is| m.igieatei iiumhei ot 
fouiponiids, and lo he the ladical ol a stilt's, of which Hit' lollovving 
sidislaiices are mcmheis 


CAunoNic’oxinc si iiii s 


C.irl)oiiie oxide 
Caihomc acid 
ChloioxK .iihoiiie gas 
Oxalic acid 
Ox amide 

C.iibonoxute ol potassium 
iihodi/oiiic acid 
Cl tune at id 
Aiclhtic add 


CO 

CO -1-0 
CO-hCl 
2CO + 0 
2C() + i\ll, 
7C0-t i.lx 
. 7(X)-fdilO 
5C0-I-1L 
ICO -f- 11 


In these compounds carbonic c*tide is repicscnted as playing the 
pait of a siiiijde substance, and forming a variety of ptoducls by 
muting with oxygeu, chlorine, hydiogon, and other cleiiienls 

Mcllitic, crocomc, and rhodi/.oiiic acids, arc somctmies (iiuineuiled 
•'s oxides of carbon, along with caibomc acid, carbonic oxide, anti 
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oXfJic .icul, but the foi Bier bodies liiivciiot an equal claim to the Siunc 
early consideration as the latter coinpouiuls 


OWMC A(’)n 

Eff .5t) />y I ■)() , C^O, Omiatc of udti ! , 1 10,C20, + 2H() 

Tins add, di''(o\cicd b> Scheelc m 177(5, exists in the form of aji 
.idd sdt of jxitasli. 111 a gu.it number of plants, paitieularl\ m the 
s[)e( It'S of Oiuh'^ and IIuhk i oombined uilli lime it also forms ,i 
])ait oi stvernl lichens (Kal.ite of lime oct ui > likewise as a mint i.d, 
humhotihlr, and foims flic basis of a species ot uiinaiy calcnlus 
'J’liis atid la also produced b) thcoMdahon of r.ubon in combination, 
in a \ariety of cut iiinslances, being the gciit'ud pi«dnct of (Ik 
oMilation of oig.niic siibstaines by niliie acul, Inpcinianganate ol 
liol.i'li, ,ind by fused potash Those matteis which contain oxjgin 
and hjdiogeii iii tlie piopoition of w.ilei liiriiidi the hugest qn.intil) 
of oN.ihc .icid 

I 

'I'lns add li.is been denied m qu.nitdy liom in hens, but il u 
iisu.illy ]irepare(l by at ting iqion 1 jnut ot sugar by 5 paifs of nitiic 
atul, ot 1 12, diluted witli 1(» ^larts ol water at a gentle heat till no 
gas lb evolved, and cvapoiating to ci^stalli/e The ci}sLalb must he 
draineil, .uul trjstalh/ed a setond (unc, as they .ire apt to retain <i 
poilion of inliK aeid Aeting npoiul pait ol sugar, with 0 0 parts 
ol nitiic acul, ot density 1211, IMr h" Tlioinpsoii obt.nncd 1 1 
parts of ciystalhztd o\ahc atul One half ot the carbon ol llie 
sugar appealed to be com cited into oxalic acul, and the otliei h.ill 
into carbonic atul, tlie iiitiic at id being entirely converted into 
biTioxide of nilrogeji, by loss ol oxygen 

Oxalic ami loims long, loiii-bided, oblique ])iibms, with dihedral 
hummitb, or-teimiiiatcd by a single lace These crystals contain 
three eq of w.iler, tme of which is basic, and tlie, other two 
toiistitutioiial, or w.itei of n y stalh/atioii The hittoi two may he 
expelled at a tempcratuie tihose 212®, and the protohydrate nscs at 
the same time in vapour, and coiuleiises as a woolly subhra.de 
Heated m i letoit, the hydialctl aftid undergoes decomposition about 
311°, and is convritcd into cailjoinc oxide, c.irboiiic acid, and formic 
acid, wntliout le.ivnig any fixed residue Concentrated ;ntric acid, 
with licat, conveits oxalic acid into water and carbomc acid When 
heated with sulphuric acid, oxalia acid yields equal volumes of car- 
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bonic oxide and carbonic iKid , being eijuivalent lo CXl + COj 

(page 369). No charring, nor evolution of any otlici g.i«i, on ms, so 
tiiat the action of concentiatcd snlphimc acid alloid'i the means ot 
recognising oxalic aciti oi any ov.il.ih Ci \st,illi/ed o\.ilir acid is 
soluble in 8 parts of malei, at 5')°, in i(s own nciglit ol boiling 
nalci, and in 4 parts of alcohol, at 

Oxahe and is a poneiliil and, nhirh combines with b isi's, ami 
loiins a wcll-dcfiiied class ot s.ills, — the oxalates it discngagi s 
(.11 home acid c.isily from .ill itsconibinaiioiis Added lo liine-w .itci, 
01 .my soluble salt of lime, ovalic .u id foinis .i wliili pmipil.ili — 
the oxal.itc of hmc, which is a highly iiisoluhle s.ilt Ahsointt 
oxalic acid, C^Oj, has not been isolated, .uul appi ais incapalile ot 
existing except m conilnn.ition with w.iter, or some ollus base 

Vompo\Uu)n oj omiIu ucid — ^'I'lie an.il 3 sis ol oxain acid is 
elfertcd in the following ni.iiiiiei — ^"I'en giaiiis ot the crvst.ils, 
M'dneed to powder, .iic extictly wnglied and nnxc'd with SOO 
or 300 grams ol oxide ot (oppn, lenmllv (ahined, and pnieclly 
dn This mixtuie is mtrodmed into <i tube of white JhihemiiUi 
irlass, which, 13 not I'asily fused, opim at one end, ahoni 0 1. 
nidi III inteinal’diamclei, and 1 1* oi |j indies long, the oihui iiid 
being (Irawni out, bent upward, .uul sc.ihd ((/, l.g US) This 


li< I is 
9 



IS placed in a fnin.ice, o( .i tioiigli foiin, .is rrpifsi'iiled in Iho lignrc’, 
lonstnicted of sheet non, and he.ited to low mlness h\ hnniing 
fharcoal Imimdiatcly connected with tin toinbns'son tube, by 
means of a pcrfoiated eoiK, is a tube of tlu' form h, (ont.iming frag- 
ments of strcligly dried clilmidc of caleiuin Tii this lube the water 
of the oxalic acid is condensed, and the weight of that constituent is 
a'^ecrtained by w'eighirig the tube, before and after the combustion 
Beyond the chloride of c<dcium tube, and connected wnth it by a short 
caoutchouc tube, c, is a glass insfcrujncnt, p m r, eontainmg a sfiong 
solution of caustic potash, of density 1 to 1 27, for the absorption 
of the carbonic acid produced by the combustion of the caibon of 
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tho oxalic aciil by tlic oxygen of tbc oxide of cojipcr TIiii iiisiiu 
mciit consists of five balls, of hIikIi m is laiger tliaii the others, no 
more of till' pot.isli lev is put into it than lills tho tliroc cciitnil balls, 
leaving a bubble of an iii each One oorriems elevated a little b^ a 
cork jilacod under it, and tho whole sujipoi to I on a folded towel the 
potash halls, wlieii filled with lo\, ooinmonly wiogli fiom 700 to Odd 
grains 'Fins apjiaraliis is also v eighed lic'foie and after the com 
bustion, and the jnoH’nse asieif allied 

Tlie experiment, when piopeily eoiidiicted, gives 4 39 grains wa1ei 
pondensed in the tliloiidc of (ahiiirn lube, and 0 OH grams of c,ii 
bonie aeid alisoibed in the |iotash bulbs lOil !• 39 giains ot walei 
eonlaiii 0 17 giams ol liydrogi n, anil 0 9H gianis of larboiiK .nid 
lontam I 905 gram ol caiboii Now, as ovdii and coiiiaiiis 
tiolhmg but eaiboii, bvdiogen, and oxxgcii, we obtain thus, foi tin 
eornpositioii ol Ut grams ol oxabe aeid — 

[Tydrogen . 0 170 

(larboii , . I Ob'S 

Oxygen 7 OiO 

TO 000 

To learn the rthiliim Iniween the number of ciiunaleiits of llicsc 
ronstitncnts of oxalic <i(id, it is iifeissary to divide tlio weight ol laili 
of them by its eheinual ecpmalent — 

0 470 • 1 OO'i 

= 0 1700 = 0.3175 

1 <) 

7 01!) 

= 0 9524 

8 

These tractions aie in the piojiortion of 3, 3, and 0 , from xvhiili il 
follows, tliat the lormiila ol the ciystalli/ed oxulie aeid is Cg IIj O,, 
or a nraltiple'oi it Allowing the 311 to be m combination witli 
30, as water, xve finally obtain the formula C 2 O, + 3110, for the 
crystallized and 


CAJtBON ANU HYDROGEN HYDRIDES OF CARBON. 

tl 

A large number of coinpoundr of carbon and hydrogen arc know 11 , 
many of them found 111 the organic kingdom, and other's denied 
from the decomposition of organic compounds. Some of these an 
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hHUid bodies, some solid, uiid others gaseous At pi( -out wc '.hall 
coiihne ourselves to the three gaseous coinpouiuK uliitli m sunph- 
(ity of composition resemble inorganic compounds 


PllO'lOCARBURklTkU lIYUltOGEN 


Si/ii * Ltf/hf i (uhuK'tted hi/tlHK/eii , Git\ nf thf Autnhs, 

F in' damp E(| 10, oi 200, f'^ Jlj , dr/i<,i/i/ 550 0, 

(ombuuHf/ »u'a<tnH‘ j | I 


1'liis gas IS a coiislcuit product of Ihe pulrtf.iclue decomposition 
»il wood and other compounds of caihon, innhi iiatei, and is most 
K'.uhb obtained by stirring the mud at the bottom of sl.ignantiiool", 
and collfi ling the gas as it uses m an iiucrti'd boille ,ind liinnel 


(lig ilO) 
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It always contains 10 or 20 jiei cent of c.nbonu ami, 
which may be sej),ii i((>d Itoin it 
by luiK'-water, ,ind .i small pio- 
portion ol intiogi n This gas also 
issues, m soniL plates, intonsi- 
derabh ([iiaiitities bom lishincs 
in the oaitli, coming uUm bom 
subleri'tinfons deposits of coal, 
ami in the noiking oi coed mine'; 
it IS lound pent up in ca\ities, 
and Mould appeal sometimes to 
be discbaigcd liom the tush sm- 
fact of the coal in sensible tpian- 
tity llenrc, tins gas is some- 
limes desciibcd as tlic milam- 
mable air of inaisbes, and the 
firt'-damp of mines Tt is also the most coiisuhrahle (’tmstituent of 
coal gas, andjof the gaseous mixture obtained on passing the vapour 
of alcohol through an ignited jitirrehim tube 

Piepatation — This gas is oblaiiiod by distilling a mixture ol 
•hied acetate of soda, hydrate of jKitash and i|uickhme, in ii coated 



* Such systematic dcsignatious as have hitherto hccu ajiiilicJ Id this and a fiw 
I'thcr hydnih# of carbon have not in Rtncml bran dear, and irivi.Ke Iht striniis tnen 
of rcprescntini; the carbon as the iiiijatm, cleiiicnl 
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glass retort Four ounces of cr acetate of soda may be dried ou a 
‘^aml-batll till aiiliydvous , the «alt is then reduced to powder, and 
intimately lnl^ed uitli lour ounces ot slicks ot caustic potash and 
SIX ounces ot (piickJiniCj liolli uell pounded A Florence oil tiask, 
or other flask of li.ud glass, is coaled nitli p mortar composed ol a 
mixture of Jkuis-plastci, and lialt its weight of sand and coal-aslics, 
A (fig. 120) , and provided with a peiforatcd cork and bent tube 1$, 


lifa 120 



one extremity of whuh should dtscdul three or four inches m tlie 
neck of the flask The inatcmls above being introduced into the 
flask, the latter is placed in an opcu cli.u coal furnace C, and stroueh 
heated The gas comes otf, and may be collected in ]ais over the 
pneumatic trougli, oi n'ccivcd in a gas-liolder 1) Idled with water 
Piojtvriu's — The observTcl density of piotocarburettcd liydrogtii 
IS 559 0 , it IS composed ot 4 volumes caibon vapoiii, and 8 volumes 
hydrogen, condensed into 4 volumes, uhich aic the combimiig mea- 
sure of this gas lleiicc its spccifij gravity is by calculation — 

41 ft X 4 + f>9 8 ^ g 

It IS inodorous, neutral, respirable when mixed with air, not more 
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•soluble in water than pure hydrogen, and has novel been lupiofiod 
Tins carbureited liydrogen reriuiros tn ice its bulk of oxjgoii to bmn 
it oompletely, and affords water and an e([n.d bulk of raiboiiio acid 
'J’he oxidation of this gas mixed with oxygon is not dohimiiicd, ,it, 
the temperature of the* air, by spongy jilaliimm oi plahmim black 
J 11 air it bums, when lighted, with a strong jollow il.imo It is a 
f()in])Ound of considciablc stability, but is (kcomjiosod in pait whin 
scut through a tube heated to whitciioss, and losolved mto caihon 
and hydrogen This gas is not alkclod m the d.iik by oliloiino, but 
when the mixture of tliose gases, m a moist state, is oxposod to light, 
laibomc and hj droclilone aeid gasos aro [noiliirod 

Although instantly kiiullcd bv llamc, jnotoc aibnn tic d ludiogon 
iicpnros a liigli tcmporatuio to ignite* it llydiogon, lijchosiiljihuiio 
ncid gas, and olofiant gas, and cMibomc o\ide, are all ignited bv ,i 
glass ir)d heatod to low iidiuss, but glass must be lioatod to biiglit 
rodiirss or to wliitenoss, to iiidaine tins g.is Sii II D.ivy diseoMrod 
that tlamc could not bo eoininniiK <tod to an I'xplosivo mixlmo ot 
I ho gas of mines and an, tluough a naiiow lube, buMiise llu' cooling 
inlliioncc of tho sides ot tlio tube jneveiited tlio gasc'ous mixtiiio 
coiifamed m it llom o\(i using to tho high tc niporature of ignition 
\ mebdlic tube had a gioatoi cooling piopcily, from its high oon- 
duoting power, and eoiisocpionlly obshuetocl to a gioator ckgiec the 
passage of flame, than a similar tube ot glass , and o\on tho moshos 
ol inotallic wiro-gau/c’, w hcni they did not oxcoocl a ooilam iiiagni- 
tiulo, were found fo bo impcimt'ablo by flame lOxpc'iinioiits ol this 
kind may be made upon coal-gas, tho flame of winch will ho toiiml 
mrapableof passing tbrongh a sheet of iicm-wiio tiolhs, oontaimiig 
not less than 100 holes in the s(|ii.iro inch it tho gas bo allowed 
to pass through the trcdlis, and kmcllod above il, the (lame*, it will 
be found, does not rcduiii thioiigh the ,ipc ituic’s to (ho jet whence 
(ho gat issues Upon these obsonalion-, ISii II D.iw fonnchd his 
nnaliiable iiiveiiliejii of tho Safety -lam p, — an instiuimnL now iiulis- 
poiisablc to tho safe woiking ol the most i\l(nsi\i“ and valuable of 
our coal-fiolds 

^njcty-lamj} — As left by Davy, this is simply an oil kittif), enclosed 
111 a cage of wiie-gau/o, the upper piU-t of which is double (fig 121) 
l^lr Buddie used irori-wiie gau/,e tor tho lamp, containing from 734 
to 800 holes m tho square inch * A crooked wire, which works 
tightly m .a narrow tube passing upwards through tho body of the 
lamp, affordiS the means of trimming the wick, without undoing the 
Wire-gauze cover of the lamp When the lamp is earned mto iiii 
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atmosphere charged with lirc-damp, a blue floine n 
observed within tlio gauze cybiidcTj from the coinhub. 
tioii of I he gds, aud the iiame m the centre of tlie 
lamp may be i vtiiigiii^hcd The miner should tlicii 
Mitlidraw, for altlioiigh the i gauze has often been 
observed to liccome led-hot, uitliout ititldiuuig the 
evternal ('\plosivc atmosphere, yet the texture of the 
gmizc may be destroyed, if lel.iiued long at so high a 
tempeidtiiie It has always been known, since tin-, 
l.mip was fiist projioscd, that when il is ixposed to a 
strong GUI rent ol the explosive mixture, the tl.iiuo 
may pass too quickly through the apeiture'. ol the 
gdu/e to be cooled below the point of ignition, and, 
therefore, coinmumeate with the external atmospheie 
lint this IS easily ])u vented by piotectmg the ldui|) 
from the draught, ami .111 dccideiit fiom tins cause is 
not likely to occur in a coal mine * 

This caiburcttcd hydrogen docs not explode when mixed with .iir 
ill a propoi lion much above 01 bdow the quantity iieg^ssary foi ils 
complete combustion With 3 01 t times its voluntc of an it does 
not explode at all, with 5 j 01 0 volumes of air it detonates leebly, 
and with 7 to 8 most powfifully W'^itli 11 * volumes of air, the 
mixture is still e\]jlosive, hut with l.iigei piopoitions ol air, the gas 
only burns about tlic llame of the lapci Tlic- huge quantity of aii 
winch IS then mixed with the gas ahsoibs somneli heat as to pi even! 
the temperature of the gaseous atmosphere tiom riMiig to tlic point 
of Ignition 

Coal ffu ^ — The products of the distillation of coal in an iron 
retort are of thice kinds <i black oily liquid, of a heterogcueoiis 
nature, known as coal-tar , a watery fluid, known as the aminoniacal 
liquor, and the elastic fluids which foini coal-gas To purify the 
gas, it is copied by transmitting it through iron tubes or sliallow 
boxes, m which it deposits some condensible matter, and it is after- 
wards exposed to milk of lime, to absorb by diosul])biIiic acid gas, 
winch it invariably contains, and frequently ailenvards to dilute sul- 
phuric acid or a solutfon of sulphate ol non, winch arrests a litth' 
liydrosulphalc of ammonia and a hacc of hydiocyamo acid The 



• For ndditioiivl information rcijicctiiiB thr Bofcty-lamp, the rcodci i« referred to 
Davy’B Kssajr on Fluiiic, to Dr 1 ’ ms’s LiU, and Di T Davy’s Life of Sir H Daw, and 
to the Hc]iorl of t)ic Parlmmi iilary ComniitleL on Accidents 111 Mines, ISSt 
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livilratc of lime is often applied in tlu* st.itc of a damj) powdei, and 
not diltii'^cd throiigli water 

I’lie process may be illustrated by the ariangeinenl lejne^-cmti'd m 
(i!T 123 Tlie coal to be distilled is rontained in an non oi sfotie- 


Pic. 122 



"itn- letort A, which should not be more th.in h<ilt tilled il Uie eo,il is 
of ,i bi*ummoiis ipiality, uinl is heated by a small dianoal furnace 
I’.ir and a watery fluid eontaining ammonia (Oiideiisi' iii !l, ivliicli re- 
presents the condenser The giis passes on to (J, a glass jar, with 
•'tiiges of wire-gaiwc snpjiorting slakeil lime, .itid toiming a hm'’- 
I'Urificr The gas is then conveyed by the lube V into tlie bell-j.ii 
b, tilled with water, and inverted over anothei glass jai 1), serving as 
a water-tank The jar E, wdiich represents the gasometer, is coinieeted 
a string passing over two pulleys above, with an non wtigliL w liir li 
halances it» When the gasometer rises and is full, the gas may be 
allowed to escape by the tube E and the jet and stojieoi k <it the side, 
by removing or diminishing the counterpoise to the jar I'l 
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Dr Henry obtained the following results from an examination 
oi the gas from the best canuel coal, at difleieiit periods ot tin 
distillation — 


COMi OAS IN 100 VOLUMbS 
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Ue-ides the toiistiluents inentioiunb coal-gas, when fiist in.iih', 
cont.iins small quantities of 

Ammonia, Hjdiofjainc and, 

Iljdiosnlpluinc aud, Ihsul])lnde ot earbou, 

Caibouic acid, Aaplith.i vapour ^ 

All ol these bodus aie sepaialed from it in lliepioecss of jiiiiilii i 
tion, cxeipt the two last, nainety, naplilli.x \apour, jiliicli is the dm I 
cause of tlic odour ol eoal-g.is, and bisulphide of carbon, iiliidi 
allords a little sulphurous acid when the gas is binned 'L’he lutiio- 
geueous iiatuie of the gasi'oiis miKtiiie is well shown upon nitio 
diicing a cpiaiilitj ot di\ iodine into a bottle of coal-gas, wlieiisevi lal 
liquid and solid coinponn<ls ol io«liiie aie foiincd with the dilleu u1 
carboh} drogerib picseiit Iodine, on (lie other hand, is not allecldl 
in the slightest degree by fiie-daui[), but ri'inains witli its metalht 
lustre unchanged m that gas Indeed, in the mdinaiy iiie-dauip 
no othei combustible gas whatever can be found, besides protoeai- 
biircttcd hydrogen (Mem of C'hem So( in 7) 

The bupenoiity of coal-gas, m illuminaling jiower, dejiends pim- 
cipally upon tlie liigh proportion of oleJiaiit gas and the di'iisii 
carbohydrogens winch it contains The tree hydrogen and caiboim 
oxide present give no light, and are positively iiqupoiis As tls 
highly illunnnating r onstitiients are dense, and contain much carbon, 
tlic value of eoal-gas ;s to a certain extent proportional loits dciisiti, 
and to the (piantity of oxygen w,bicb it icquires for eompletc (oin- 
bustioii In the .inalysib ol co.il gas, the different gases may thus lie 
separated 1st Olchaiit gas, naphtha vapour, and similar caibo- 

• Dr Henry’s Papers on Coal-Gas aie coTilaincd in the Pliil Trmis for 1808, 18,20, 
and 1324. 
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li\drogciis, by mixing tlip gas over watei, m a daik place, with 
hall: its bulk of cliloriiie, and afteni arils washing with caustic 
potash, or, by introducing a small pellet of coke charged with 
liiining sulphunc acid and attached to a plalmiim wire, into ilie 
gaseous mixture, over ihercnry, and aflerw arils absoibmg the acid 
lapoui by a fragment of hydiato of potash, 2tlly, caibouic oxide, 
bv potassium gently heated in the gas, ‘3illy, tlic jiropoitioii ot 
piotoearburettcd Iiydiogeii g.is may he dotcimiiied by detonating 
the mixture ovci mercuiy, in an cndiometei (fig lOtJ, page 331), 
with a measured fpiantdy of oxygen, and asreitaining the tjuantity 
ot faiboiiio and I'oimcd, which lel.iiiis the volume oi this f,ulm- 
ictti'tl liyhogeii , Itlily, the free h>diogen, by ohsiiinig the ([uantity 
ol oxigen icrnainmg, by means ot a sink ot phosjihoiiis intioilnied 
into the gas, and thereby astertaining the riiiantity ot oxvgeii coii- 
siinu'il m the last niinlmstioii , fioiri this t|n,iiilily ileihu t twice 
(III miMsuie of the caihiiuttid Indiogeii foniiil, anil halt the 
nm.iiiiing ine.isinc ot consnmid owgtn iipresnits the hyiliogeii, 
nil, the residnaiy gas attei these protcssis is tlie mtiogen ol the coal 
uas * . 

Sf//nf/nr of* ffnmo — 'I'lu ipiantity ot light obtained limn Ihi 
(omhustioii of toal-gas ilejiends enliicly upon the inannoi in w'hiili 


* The lul)Csaii(l(uiliomtttrsloriiio.i'jHiiii}?(;a»taicqiniL lobLiirv iiiiiiuUly gMiliiiitul 
tills IS nttiinoil Mitli pcttilnr nLCUiat> and fKililv hy (lie inctlioil ricoinirirmli il Ijy 
I’l K ssor lliiMscn Ilia mstruiiiPiit foi gi-uliiiling gl iss liilx s dig i^J) cuiibiata uf a ni i- 
h<iL iiiY liujiil A, Ij ftLl hiiig, 7 iiitim 1*1(10, and 'f <>l in null lliiLk In tin iiiiildh iit 
tills 111) ird 1$ I gronip ( Nli'iidini; I'is wlioli linglli, I nnliiMih i iinli dop, ind runndid 
it biilliiin as .1 Ijtd fur lli< iici |iliiiii ol llii tiilii Mom piil, I iiii hm Iroiii tin end, la 
pi Kid II biaas pi iIl It, I3 lect loin; lud i^imliiM mih in sm li 11 poxitinii Lliiil utiin 
'iiiiNcd down its edge conics out hall over tht "iooyi It is liiiiiRhul with lour sirrw 
mils, passing through silts m the plate, a cpinili 1 ol .111 null long, so is to^llow ,1 certain 
adi uiccment or witlidiawil ol llii plili it plinsini 
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C and D are two similar plates, placed at th^ other end of the wooden hoard, ( Jiiviiig 
the same amount of motion ns 11, and lieing precisely similai in (very iispcct 1) is a 
brass plntc uf^he aame dimensions ns U and C, which is cut, at intervals of livi iiiilliiiietcrs, 
into notches, every alternate one being onc-twenticth and onc-tcutli of an incli_dccji 
fhere IS also a wooden rod K, 3 feel long, 1 inch broad, and hull an inch thick This is 
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it IS bunu'd, which will appear Iroui the consiileration of the struc- 
tiiic ot luminous flames The Hume of a spint-lamp, caudle, oi ir.is. 

IS hollow, as may be obseived by depi easing a sheet of wiretielli>, 
iijinii it, winch gives a scetioii of the dame , the seat ot 
the (oiiibustion being the nurgiii of the flame, where 
alone the coiiibuslible vapoui is in contact with the 
■111 t)f volatile f arhon.veooiis combustibles, llie tlaiuo 
consists of tlirce pails, which are icprcscnlcd in section 
(hg lari) — 

A, tone of vaponn/ed combustible 
n, sphete of jurti.il combustion 
c, sjiheie ot complete rombnsiioii 
In 11 , nli(‘ie the supply oi an is iiisidUcicut tor roinplete combustion^ 
it ih Ibf b>iliogeu pMiKi|)ally winch bums, the carbon being libiialid 
111 solid partules, mIikIi aie boated wliitc-liot from the eombiisliou ol 


Fig iri 
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piovulcJ ■\\ith two blrtl iioints, placril by ‘5crcns at Iialf an indi fiom citlitr end ()in> 
ol these, r, IS III tlic r<)iin ol u kiiift, tin olliir, 0, ol e brndawl , ii scilm - driver is il-u 
l>i()vidcd, lliil tin sc poiiils iinv be nttaelud oi iiimnnl ot {dinsiirc 
^Mlcu a tiiln n, to Ik i;i uliiited, it is coviud \mIIi i thin layer pf niLllidwav and liir 
pcnluic, bj ineoiis of i comtl’s li nr prtieil, and is laid iii the groovi hctftctn C and I), 
which arc tin ii sci owed dow ii in tlioir places, so .is to rtlun the. tubs Jirmly iii its positiiiii 
A si iiidoid tube, prcMOiisly trntbcmatiiiilly divided into uiilli 
inctvis, (UiL most couvuiaiit division,) is non placid m (In 

r-y - 5 ^ groov c 111 dcr It, (tig 121) vihidi is then screwed upon il 'the 

lod, U, IS now used, tin pointed steel, G, being put into one ol 
the ijiilhmeii r inail>» on the '.laiid.uJ tiilje , Iht knife point, 1’, f.dls upon the w men lubi, 
and IS made' to prudiiec a hue upon it, the leiiglli ol whieli is regulated by the distaiiie 
between tlie edges ol the brass plates C and 1) Tlie pointed steel is now reuiined hut. 
one iiiillimetir on (he standard t iihe, and the loricspondiiig in n fc made on the waved one , 
and lluis we proeei dlintil tin wliolc ol the waved tube is divided into millimeters llic 
oh]eet of the nfitdies is, that a longir mark m.iy he made at cviry five inillimelcrs, and i 
still longer one it cverj Ic ii, in ordir to iidtiic eye in rending 'I'hc waved Inhc is now 
iLinovcd to a leaden tioiigli eoiitaiuiiig jiuiindcd tliioi spar and sulphuiie aeid, slii,litli 
healed, which ijelics it more sni 1 1 ssfidlj than a solnlioii of hydrollnuric neid Frevionsli. 
however, to hung itihcd, it is desirable to figure thi number of millimeters at the spare 
ol every tri , and this is convrnn ntly done by the steel pointer G, aftri being removed 
Irom the rod E Ihe tube is rubbed with vermilion powder when iii use, to make the 
graduation more ligiblc 

IV c have thus an lecnrate miasiirc of length etched upon the tube, wiliieli should 
bo one of pritty nnironn lalibce The ncul point is to determine the true value of 
each of the divisional marks this is done by calibrating it throughout all its lengtli bv 
small portions of nureury, — say cijnnl m.bnllt to five grams of water By this means the 
relative value of each niork is determined, and the proportion which it bears to nay 
given standard The only possible tiror is in the assumption that the tube is of even 
cslibrc within the sp icc occupied hy one measure of inerciiiy , hut the (pmnlity of thi' 
added is so small, tliat nuy sueh ciror bocoiiics iputc inappreciable The convenicnec ol 
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tliAt gas Thu sphere ii, jndced, is the luminous poilioii ot tlie 
[l.iine, for tlie light dcpeiuls fiitiiely upon llii deposiiion ol c.uhoii, 
iinsing from the ■consecutive combustion of the two clement', ol 11 k 
\, ipoiir Gaseous bodic''j lioivcvei •'liuiigly In'.iled, emit no lighlj oi 
,il most not inoie than* i sensible glow, and luminous fl.nne li is 
justly been desenbed by Davy as always conttiimng y 

h'fiti’d to wlnteni‘'>'i The same splieie of the tl.ime, jiossessing 
,111 e\cess of combustible in, liter at .1 high 1 i mperatnre, takis OMgen 
fioui mct.illie oxides, such as aisi-nions ,icid, placed in it, and dc- 
idopes tluir metals It is, tlieieloie, ollen leieiied to as the 
deoxidizing 01 rediiciiig llanic lii the extern il hollow' foiu', o, tin 
deposited c.ubon meets with oxygen, and is entnelv coiisniiK d 'I'he 
hottest point 111 the whole llaiueiswilhin this sphere, iieai thesninimt 
ot I) This part of the tlaiiip, possessing .m excess ot oxygen .it ,1 
high tiMiiperatuie, is the jiropei place toi kindling n eondnistilile, .iiid 
is callid the oxidi/ing llaiiu its propiilits aie the npposili ot those 
of u 

When coal-gas is imiiglcil with an cipi.il Imlk ol an hiloie henig 
limned, it IS fipmd to lose half its illuminating jiowii It imy he 
coiiiemciitly mixtil with a ipiantily ot an sullicient foi its tomphle 
( omhnsi 1011, by jiJ.icing over an aigaiid biiinii, a lii.iss fhimncy ot 5 
nielli s 111 height provide <1 with a ( .ip of w n e-g.m/o , when kindled 
.dune the iviu*-gan/.e‘, the gas bums with a blue H.miCj not moie 
liiiiiiiious than that ol sniphm The ll.ime is so leehly liinuiioiis 
bei .iiise no deiiosition of e.iihoii'oetuis ill it The (jii.uitily ed hi.it 
Is the s.nnc, whethei the' gas is huiiird so as to pioduu' iniu Ii 
01 little light, and wheie the g.as is limned fen lusit, tins inode ol 
uiiiilmslion has the adiantnge ot giiing a ll.ime without smoke The 

111!' gi.ieluutor 13 so gre.il, tl1.1t a loiif; tiilic ina\ be 1ii lutiliilli ilividol 111 llii (oiiistior.in 
lieiir Till' sl.ijid ird tube slioiilil be iiixic of cl is-., but llie ojiciuil (bvisions liuiii uliiib 
III' stjiuluiJ lb token iii.iy be those o' a iiu I'-meot wooil oi uiiy ollii i iii ill ii il 
'Ibe tubes reLoimneiulca by Uunsui .irc IS 01 I'l inches m leiiEjlli, ibruit 0 (i inch 111 
ii'ti mat, and 0 8 itieli iii ixliiii.d di.iiiutrr One of these is cunvii ted into .1 cudioiiii li r, 
I'l 1‘hlrh the {rise.'s.iie exploded, by inseilni,; in ii the rlosedmd, by fusion, tivo plalinuiii 
"lies of the liuLkncss ol hoisc li 111, loi the pui pose of pissing tiu clu liu epark Duiiiig 
I he explosion tlic opi 11 cud of llic tube is pressed firmly upon .1 stnoolli jnd of laoutclioui, 
ptued under the mere ury .it the bottom of thcpiiLuiiialic trough The gra.liialioii of these 
tuliLs being liiienr, ciiiibles the observeT to r?ad olf the dilftriiiLC m liciglit liitHiLu Itiu 
luereury 111 the tuho and troiigli, irad to imkc,thc nccessiry LUirectioii ou the xoliiim 
rniHsured oil exact experiments ou giiscoiisxoliimcs must be made over mtrciiij Tins 
'lep,irtment ol cbcriKal niialysis tias be* 11 bioiighl to n high Jcgiti of uciii uy niid pei- 
fedion by l’rofc^sol Dunsen Sef Heitoi Is of the Titihih IS 1.5, pigc US 

Isebiy and Voggt udorjf's lIam(u,oilerbiHh dn Uhemie, ii 1053 
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licat derived from coal-gas luinied iti this manner is not, however, so 
intense as that of an argand sjMiil-lamp 

A result of the cncuiiist.inces which detenniiic the ([uaiitilv ot 
light from cliilerent Jhiim s Js, that th(“ larger the flame till it begins 
to be sniok}, the grtatm the inopoition ol light obtained from the 
coiiMimption of the same qiiantitv of gas It was observed that ,in 
aigand buinei, supplml cubu leet of gas per hour, ga\(' ,is 

much ligJjt as <i single candle , with 2 cubic feet per hour the liglit 
was upial to t fandh's, and with fl eidnc feet to 10 caudles lleiuc 
argands, bat-wnigs, and otliei biiiiieis, lu wliieh a consideiable ([ii.m 
1i(} of gas IS bullied logiflui, are more t conoiiiical than plain ](N 
The biiglitiiess ot oidiiiaiv (lame, whuh depiiids essentially iqioii (lit 
coiife.cciiti\c eomhiistiori of h^diogeii and carbon, is inereasc'd li\ 
e\cr;jthiiig wliicli proniobs the rapidity and intensity of the eomhiis 
tmiij without deiaiignig the ordei of oAidalioii, sueh as a rapid su])|)l\ 
of ail, and tlie suhstiliilum of |nue o\>gtu for air, as ni Guiiiii's 
Jbido Light Not only is the ic then mou light, because thcici' 
more rombustioii in tlic same lime, but tlie temperature of the flann 
being gieater, tlie luiniiious caibon is also heated to g higliei degree 
ot whiteness 


nice Kin ki i ir o uiniioe.] n 
Syii Ohfuiiil '/'■/s, , hhj tiS ot AhO , L4IJ4 , 

**-Sr> , III 

Tills gas was disc o\ eieel in I7*)r>, by ecTtaiii associated Diiteli i hi 
mists, wlio ga\e it the iiaiiic ot olefiant gas, beeausc it forms with 
ehloniie a eoiiqiouiid having the appeai.ince of oil ft is usiialli 
prejiaic'd by, beating togetliei I measure ot sjiinis eit wine with 5 
measuies ot eiil of sitiiol, 111 a c.ipacioiis retort, till the luiuid becoiia'' 
black and eflervesceiue begins, ,uid maintaining it at, that paiticuliii 
tempiraluie. It is collected over water, which d(‘pu\es it eit a ])oi- 
tion of etliei \ apoui .iiv-l siiljiliuious acid, w lih w Inch it is accomp.inie(l 
A process winch ye'lds ,i purcr»g<is, aiiel m larger volume, is tlie 
lollowing Twent)-e]glit ounces ot water are added to twice t lien 
volume of oil ot vitiiol, 111 a large globular flask A, (tig lit) winch 
gives an acid of about 1 0 density when cool Without* waiting to 
cool, however, 24 ounce measures of spints of wine arc added, and 
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tlic whole sillowed lo stand lor a inglit The llavk is sn])j)oile(l on ,i 
bed of pumice over the gas-fl.imc as already di bcnbi'd (p.igc 3 j 1 ), ,iiid 
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(lie l.iKir icgulatod so as to keep llie htinid in a slate oi inodeiate 
(bulliliou 'I'Jie gas evolve d IS passed tin ongh Iwo tao-jiomid hoHh's, 
|{ and C, tlic lirsf ot whifh, H, is einpl\,oi ronlams onlv a hllle water 
at tlie beguuing, and is iiiteinh'd foi Ihe londensalion ot a consideiabh 
poition of .dcoliol and etliei which didil ovei, wliile (3 is hall Idli'd 
with a strong solulion of eaiistic potash, to absoib tiu' snlplnnmis and 
i.rhonic acids piodueed I’hi'sc two \i ash-bottles aie unnieisml in 
|ais conlaming cold vialoi Tki thud wash-bollh, D, (onl.nn^ od 
ol vitiiol, and the IJ Inbl. K, piinine soakiil in tin same Hind to 
ahsoib ether vaponi , while the gas is (ollertid .it last in hollies, K, 
'oei water made sensibly .ilkaline 1)\ i.nislu pol.ish 

H’lns gas IS forniid by i |H(iiIi.ii di c oinposiliDn ol iholiol, in con- 
t<i>t with sulphuric acid boiling al oi i Id He higlut, in wliidi 

the alcohol is resolved into oleti.uit g.is and watei, IL, = ll_j 
find 2110 'I'liib decoiii])osiUon will bi iihriid to ag.ivn ii.oic p.ii- 
tif ularly under the he.id of alcohol 

Bicarbui I ttf d hyilrogcn gas eonl.iins 2 voliiniis of c.iihon vaponi 
and 2 volumes of hydrogen coiideiisfd into I volume, .iiid is theo- 
ritically of the same density as nitiogeii .iiid lAiboiiic ovule, or foui- 
tceii tunes heavier than hydiogeif It was condensed by cold and 
pressure into a transparent li([Uid, wlychis not solidih.ible (page 72) 
llus gas, when carefully deprived of ethei, has a sweet odour, winch is 
peculiar hut not strong Water absorbs about one-eightli of its 
volume of this gas, alcohol takes up 2 volumes, oil of tiiipeiitinc 2 5, 

2 c 
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mikI olivr oil 1 volume li is .ibsoilu'd In fiiiniiipf siilpliurir add 
•md by llic- jMirldoiido of .ndiinoiiv, lomiiiiij: pcfidi.ii toinpoiind-, 
'I’lic sub')taiic( ii.iiiud lc.i\c miani "asi'oiis iinpiiiitics uiicoiidciisi d^ 
wbicli oltcii .iinoiiiil to I5tn20]iri cent , .md .ii lobe ])i]TKi|)alK 
proloo'iibuictb d Indioircn 'J’lu gas of 1 hi piocess dcsdibi'd alxnt 
isi ciducly .ibi-oibul In tbe pc u blonde of iiuluuouv, e\(('pi alamt 
1' i)ri dill , bill it .ijipc.irs to coidaiu the \.ipoiir of some dui n 
e.iibolndiogetij not .disoibed b\ oil ol mIiioIj .is (be spci illc gi.i\il\ 
cd till g.is so ptep.ued is often .is liigb as Ib.il of .in, oi 1 00l),iiisli ,id 
of dS'i i .IS obseiM'd b> S.nissinc 

Tins g.is bums mill .i iibite il.iiiic, nliidi is niiuh inoie bulb ml 
th.iii tb.it of jiiotoc.nljuii tic d liidiogi II It lecpiircs Uni'i' times ds 
\obiiiie of owgeii to bmn it conipliti h, .md itilds Imki' its \nliiim' 
of c.iiboinc .1(1(1 g, is and tiiu c it^ volniiu' of .npK'oiis i.ipour , foi 1 
lolimic of bic.ubiiii ft( d Indiogeii toiitmns I \olunus of (.nbfiii 
MipoiUj c.ieli <d vvbuli i(‘((iiiies 1 \oliiiii(> oxigmi and betonu' I 
loluinoc.uboine .if'id, and I loliimeslndioifen, lac li ol wbnb lecjinus 

V oil line o\ygen and foiiiis I lolinne sleam Tins g.is is mitiKb 
decomposed, nbcii p.issed tbioiigli a portel.uii tube .i white lit at, 
into carbon, wlncli is tbposdc'cl, .iiul twice its v'oliime oL liciliii- 
gon g.is 

Micarbiirc'ttocl b\diogcn nincdwilb twice its icdnnic ol cliloiiiu 
gas IS toiicleiiscil, and bn ins i licpiid conipoimt! ot an od\ c (insist uki, 
C4 ll^Clj, fioin wliicli it w.is ii.iineil obli.nd g.is, 01 tin oil-in.ikiiio 
g.is, and I'lbnle (liom tXtuor and i f'Aij, Ibi somce of ,111 ml,) In 
Ibi/ilnis 'I'liis siibstanri , wlncli isalsok’iiow n .is Dulrli liipiid, will 
be (lescnbdl nndci I lie deinatne'- oi alcoliol 


(. \s oi- oil 


/?/( uihtneiit hyiltiKjt u •>! ] 'tKidtii/ , .Kij "it) ot 7(tt) , C'j,1Ik. 

(IcilstflJ ID^Od), III r 

Tins gas., wliitli is twice .is condensed .ib olefiant gas, is one, of lb( 
products of tlie decomposition of*'llie fixed oils by he<it, and c\.isls, 
tlicic'foic. 111 the g.is piejniied fjoni oil It is liquefied when oil 
IS gieatly compiessed, ,iiid .ilso bv a eold of 0” 1’ The flame of this 
gas IS veiy biilliaut , it is only spiuingly soluble 111 WMtei, but picttv - 
soluble m alcohol .nid the l.it oils, sulphuric acid dissolves a 
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huiulrol tiiTics its voliiTTio Jt oomhiiK’s uilli an ( cjii,\l \ol\iii\i' ol 
tliloiinCj tintl foiJiis a liquul compound liavnijf Munc to 

Diiltli IjqtiMl 

'riiis gas n'quiics G volumes oi ovjgou to Imni it, .uid gi\tN hm' (o 
water and 4 volumes ot iJarliomo acid 
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'I'liis coinpoimd is ,i g.i>, whuli w.is olil. lined liv (Jiv-lnissie 

111 ISl.’i Jt ]s piepaied by lu.iting tlie (\.iiiidi‘ ol iiieuiiiy in ,i 
".iii.dl glass retort, and is eolbebd .it llu' iniuiiri.d Imiigli 'I'lu 
(V.iiiide Is ix'solved into niuiiuig iiiciiuiy .iiid rj.inogen g.is, md 
(l(•(|ll( ntly le.wos a black coaly lu.iss m the retort, which iholissoi 
loliiiston has shown to consist ol caibon mid lutiogen, m the s.iiiie 
|)i()l)oitious as.the g.ss itself 

(’) inogcii g,T.s Jonl.uiis 1. volumes of c.iibon v.iponi <viul 2 volniiies 
ol iiitiogcn, comb used into S volumes, its diiisil) is ISlt) Whin 
fills g, us IS exploded mlh twice its volume ol oxygen, it .illoids I 
\olnrnes ol c.irbonic acid g.us, .mil 1 volume ot iiitiogen, .in ex- 
|)eimirnt fiom which its eiim|)osili(m in.iv be ill'll need Walei .il (iff 
•ihsoihs l a times its volume o4 tins g.is, and alioliol SJJ vnliimis 
lb .1 pressiiie of 3 G .atinos'pluues at 13°, cy.uiogi'ii is coiideiised info 
•' limpid bqiiiil, wliiili evapiuates .ig.ini on leiiioval of tin* picssuie 
(h mogeii bums with ii be.uitiful pin])le ll.ime iii .iii oi oxygiii 
I'lu solution of cyanogen in watei uiideigoes spont.ineoiis iliioinpo- 
'*'11011 Ey iilkdlies the gas is .xbsoibed, and a cyanide ,i.iid (y.iiiiite 
loimeil 

Caiboii does not bum wlieii lualed in intiogen g.is, .ii.tl ap[)e.us to 
I'l incapable ol utiitmg willi that ilemenl when .done, oi unless when 
as isteil by tll^ presence of a tbnd body, suib as pot.isssium, wbnb 
''>ntes with and gives sl.ibility to the compound Cy.iiiogen is llins 
I'loduccil wluai mtiogeii is sent over Iraginent^ of charco.il s.ituiated 
'"til potash, heated white-hot m*.i jiorci'lain tube placed across a 
furnace, and obtained .is cyanide ot potassium A peeuli.ii form ol 
f'lriiace, i^j which this remarkable process is coiidnctcil on .i l.irge 
scale at Newcastle, with considerable success, is ilcscnhi'il by Mr 
IJr,amwcll (Ilepertory of Inventions, i\ 280) Jt ronsists esseiiti illy 
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01 a vertical flue in brickwork A H 1)^ 
(fig 125), coiittuinng charcoal charged 
with a ^olullOll of carhonaie of potasli^ 
tlie imchllc portion of which, B, is ))l,it( d 
within the flue of the adjoining furiicue 

2 2, hj' whicli it lb heated intensely, and 
aho obtanib a snjiply of nitrogen, ii I iidi 
niters A II I) by a number ot sm dl 
openingb inlo the external flue The 
passage of gases npwaids thiough tla 
jiobish-charcoal is further promoted hj 
the aLlum of an -pumps coniieded with 
llie lubes G and II The matenalsaie 
introduced at Ihc top on removing a lid 
G, and after deseLiiding through tlic 
tube arc .dlowtd to fall into a cistern ol 
water 1?’, in which the cyanide of pn- 

fassiuin IS found dissolved The pi|>Cb I and .1 dip into watci, In 
intercept aniinonia oi any olhei volatile piodiift 

Cyanogen is a salt-radical, and unites with ah the metals, as 
chloiine and iodine do, forimug atl.issof cyanides it also coinhnii'^ 
with hydrogen and forms a hydiogen-and, nnmily, hydroeyanic oi 
prussic acid Cyanogen properly belongs to organic cheimsliy, in 
which department its numerous eombniatioiis will be tonsideied 
Mellon , — This is another salt-radical, and was fnimcd hy 
Liebig by lie.itnig the bisulphide of cyanogen in a glass llask to 
redness, when it is lesolved into snlpjnii, hisnljihide of carbon, and 
mellon It is a lemon ycUow poivder, insoluble in water find alcohol , 
it unites directly with hydrogen and with potassium, fominig hydio- 
mellonic atid, a bydrogen-ficid, and mellonide of potassium, a saline 
body 
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Boron is an element having some analogy to carbon, but sparingly 
diffused in nature It is never found, except m combination wdb 
oxygen as boracic acid, of which the salt of soda has long been 
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brought to Eurojw from India in a crude statc^ under the name of 
tmkal, and termed borax, when puiified The impure bora\ ortiuk<d 
forms a saline mcriustatioii iii the beds of certain sm.ill lakes in an 
ujiper province ol Thibctj -whicb dry up during summer. i3ut the 
iiiosf, considerable of the' present sources of boranc acid are tlie hoi 
lagoons of a district in Tuscany^ whieli arc charged wilh tlie fiie 
acid, from the condensation lu them ot vapours of a volcanic oiigin 
Boiacic acid is likewise found in the hot sjmngs of Japan. It is a 
coii‘'titnrnt also of seveial imuenils, ot winch datolite and boracite 
aie tin most rc markable lloion was Inst disc oil n d b\ 8u II Davy 
III iS07, by exposing boraeic acid to the aelioii of a poweifiil \ol(aic 
bade i\, and was afiei wauls obtained by fJai -Ijiissac and Tlien.iid in 
gu I'ci Cjuantil}, liy heating boiacic acid willi potassium 

Pirpniatioii — Boiou is piepariMl wnth greatest aiKantage fioin a 
comlniiatioii of tluoiide ot boioii and lliioiiile ol pot.issiimij wliuli is 
obtained on satiir.iting Indioltiiorii acid willi boiafic icid, iiiid ailei- 
waids adding to it, diop b\ chop, the tluoiide oi potassimn This 
(onipouiid, which is ot slight solubility, is follcitid on a lillei, ,iiid 
clued at ail elevated (eiupeLaf uce, but winch slumltl not leach a icd 
Ik. it I'hpial weights ol (he eonipoiiiid ,uid of potassium aie mixed 
logdlier in a cjliiidei oi lube ot non, closed at one end, winch is 
gently lieated, and tlie mixtine stincd with .in non lod, till llic 
|)(itassmm is melted Ib'atcd aftciwaids more sirongly by a spnit- 
I imp, the mass evolves heat, and becomes iid-liot, the pof.issinni 
combines with (lie tliiorme, aiii a imxtiirr is obi uiied of boion and 
the Ihionde of potassium ' On tioatmg this with watei. the llnoiiile 
of jiofassiiiin dissolves, and tlir boion reinniis alone In washing it 
laitlio”, instead of pure water, which caiiics tlie oxul.itioii of boron, a 
solution of s.d aininoni.u slionld be crn])lo}ed, which does not .icfc 
upon that body, and the s.il ammoniac lomaming in the boion may 
he taken up by alcohol 

P/o^xific', — 'I'hub jirc'pared, boion is obtained in the form of a 
gieenisli blown powclci, witliout the metallic hislie, wine h becomes 
b.ird and assimics a deeper colour, when ignited m vacuo, oi in gases 
'■vliich do not combine with it, but iindeigois no faithtr fh.inge 
Heated iii atmosjihcnc an oi oxygen it bitins with a vivid light, 
scintillating pow'crtully, and toriTis bor.icic acid Nitiic acid .mil 
many other substances also oxidate it easily, and always piodiicc 
that com|)puiid Fused with carbonate of potash, it decomposes tlic* 
carbonic acid, and gives borate of jiotasli, carbon being liberated 
Boron is not known to possess any other degree of oxidation Boron 
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rombiiics AMtli suli)liur, with tlii' (hsenfj.n'cincnt of light, when hcdled 
111 the va])our of th.it siih-itrince , .md il i.ihes fire siionlaiieously m 
chlorine, and forms a gascou'} cliloride of boron, of which the forniuU 
IS I5C1,, and the density 3!) 12 by obsoivation and 40,35 by c.ih ul,i 
tioii This gas IS composed of S vols of boion vapour and 0 ot 
chlorine, condensed into 4 vols , which aie its combining measure 
It may lilsewise be fonned by transmitting clilonne gas ovei a mix- 
ture of horacic arid and eltaicoal, ignited in a jiorcelain tube A 
corresponding fliiondc ot boion is evolved from boracic .icid, igmlid 
with tlie Unoride ot calcium or tliior-spai, with the form.itioii ot 
boi.it(' of June Tile density of this lliioiide is 2312 4 Jlolh of 
these gases aie dec ompohed by water, bor.uic acid being foimed with 
Iiydiocldoiic or Indiolluoiic ,icid 

Jim am ot llotu ami — Tins arid is ])repared by dissolving tlu 
Siilt boiax at 212° in two and a half times its weight of iviitei, and 
.uldiiig enough ol hydioddoric acid to make the litpnd stionglv .u id 
to text paper Chloride of sodium is toimcd, wdiich eontimns ni 
solution, while the horacic acid sejiaratcs m linn shimiig eryst.illiiu 
lilates, on cooling Tlics«‘ jil.itcs are diaiiieil, .iml bring spaiiimK 
soluble, may be washed with a little cold watei, and altcrw.irds ndi'- 
fcolved 111 boiling water, ,iiul made to cryslalli/se nnew^ I’usid at a 
led heat in a platinum erncible, these ])lates give the vitiified ,w iil, 
ol which the density is 1 H3 Boiacic .aid liat, a we.ik taste, ivlm li is 
sc.ireely acid, and it adeets blue litmus like (‘.irhoiiic aeul, impaitiiigli) 
it a wiiic-icd tint, and not th.d deal ml, free liom purple, wliidi l!i< 
stronger aeuls jiiodiiee It reiuh is vt H ow t'liimene papir, blown, liki 
tlie alkalies Tlie acid ol the r.tiboiiales, howevei, is ihsplared In 
boiacic acid in tlic cold, and at a rid licat tins acid ilecomposeb cviii 
till biilpliates, fi om its compaiat ive fixity 'flic cryst,ils of boiacic at id 
aio cdiydi.ite, .ind contain 3 ciniivalents of water, ol wliiclitlicfoimnla 
IX lU) H(), + 21I() At 0(1° it iiijuucb 25 00 limeb itb wugbl ol 
water to disyilvc it, but only 2 97 times .it 2J2 ° With the .is^xl- 
ance of the vapour of w. iter, it ib shghtly vol.itilc, but alone it ix 
more hxed, and fuses, muloi a icd he.it, into .i tiiinsp.uoiil glass At 
the white beat o( our funi.iccs borarir acid does not boil, but tin,' 
tiiision ot its vajioiiiiib xo conbid<*l.il'le .at tlut tempcr.atiiie tliat d 
cvaiiciatex entnelv awav iii the eftd The bydi.itcd acid disbobi' 
in .ilioholj and (lie solution biiips willi a tine gieen llarno It coni- 
inumc.ites fusibility to many snbst.uiievs in uniting with ^them, and 
generally lorins a glass On Hus .iccouiit borax is much used as >' 
flux 
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r,in(ili''i — IP .1(1(1 1 ^ rc'miik.ilili loi Mu* \ mclx cil idopoi- 
11011-5 lu 'hIikIi i( miit('s witli .ilk.ilii"' , .ill Ili('5( hdi.ilt^ lim-.m 
ilk.iliiii iL.ulioii lik(' tin ( .iiboiuik-' 'I'Ik )(1,i 1U( j)i()|)()ili(iiw 111 
ii\\l;iii 1)01(1)1 111 lioi.uu ,1(1(1 .IIP kiioM II, bill IIk iiinnlii i oI 

I i|iin.il( ilk ()1 IliP'-c ( li iin‘ii('5 III llii" .(( 1(1 15, not VO ((il.iin Dimi.iv 
uildiLil liDHi l-bo ilpii'ilv (il llic (liloiidp lb.l1 i1 i' .i li k liloi nli , .iiid 
hill, ILK .1(1(1, wllK ll (01 l( 'poilllv, Mill IIkkIoII ( ()l|v|v1 iij 5 (’(| ol 
,i\ii^( 11 to I ( (( ol boioii, ,111(1 il-5 foiiniil.i b( ISOj 'j’lii - m.ikiv Ijoi-in 
ilii biboiatc ol is(j(lLi 


iSllCTION VI 

v| 1 1( ON (III si 1,11 III M 

I Ij il )h HI Iho SJ, Si, th nsifi) of Iilimin { hll/in/ltr in h' 

I I7'>. 1_1 I 

SiIk.i 01 siliiPOLis e.iidi, llip onkIp ol llii ))iivtiil (linuiil, is tin 
iiiii'l .ibiiiiil.uil .ill (lu iiiilUis mIiuIi (oiii|ios( Hu (ius| i>| |||i 
l(ll)( l( ( llllstllltb s s,lll(l, (lie V.IIKlKs oi s,|||(|.s|()||t ,111(1 (|ll. II 1/ 
link, ,111(1 (iiids iiilo l( |s|i,ti, iiiu I, .111(1 ,i gii ,il \.iii(l\ ol iiinui.ils, 
vllldl loilll Hu b.lsls (j 1 odlLl 10(ks 

Pn /ItlHlllllJI Si1k,I 111 IV 1)1, (kcolllj)0s( (I b\ lu llllli; ll Midi 

|iol issiimi, mIiuIi ill |)ii\ PS ll ol^iwuiii, bill .1 biltii ])io((ss|iii oh 
I mil I Iff si lu on Is 1() III ,it Hip doubb lliioi iiK ol silu on ,iiul |)()l.issiiiiii, 
"III' Ol ')-ll)His ol i(s win'lil ol jiol.issiiim, \iiHi Hu - iiiii jiui.ui- 
liiiiis ,is III Hu ])i( |i.ii,ilioii ol boll'll 'I lu m.iliiii!-,, lio\M\(i, III 
ilii' ( ,isp m,i^ bi lip.ili (1 111 ,t s^kiss 1 nbi , IS Ml II ,is 111 m non ( \ liiidi i 
111 ilonlilu llnoiidi ( inj^ilini d is |)ii j) nid by lu nl i ili/inn; Ibiosilu u 
"III Midi ))ol,isli A (lil'iiinl |)io(iss Is siiirni s1( ll by I5ii/ilins, 
"liuii (oiisisis 111 lip.iliin'' pol.issiiini in ll liilii ol 1 nd i^l '"■5 "'Hi a 
mall bulb bloMii upon it, xilntli is Idlid \\iHi Hu y.ipoui ol Hu 
llnoii(l(‘ (d silii on, snpplud Itoiii tli(' (’Inillilioii ol Hid lu|iiid (om 
•"Uiiil in .1 small icloil coniudid Mitli Hil 'd iss liibi 'I'lii pnl.is- 

'■iimi bums 111 tills X .ipoiii , and at Hu ( iiil,»silu on is louiul, with 
lluuiidii ol jiol.i'snnn, jii llic pl.iPi^ol Hie iiii i.d ('I'linh , 1 1, p 1117) 
bill Hip si1h,c)i, hoiii .ill tliosi pun (ss| s is ,il\v .ly s ni ( oiiibiii.il lon xx u h 
a lilHp ])utassiiiiii, and nu\(d willi a lilHi IIuoiuIp ol sdu mi .mil 
iHil.issiiiin iiiucdiuid I ll Ilf p, on apjily inj( cold yy.ili I lo Ibi in.iss, 
^I'diogpii is difcLiiii.ipi ll, .uhI poLisli loinud, .uul Hu alK on 
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separates l^ie potash thus produced can, with the aid of hot water, 
dissolve the silicon, which tlieii oxidates and becomes silica, so that 
cold water only must be eiiijiloyed to wash the sihroii, which may be 
thrown upon a hlter After a time, the lu^uid winch passes has an 
acid reaction, wliicli arises fioni its dissolving an acid double fluornh' 
of silicon and potassium, ot spsu'ing solubility, ivhich has cscajied 
decomposition, and is mixed with the sibcoii The waslmig is con- 
tinued >50 long as tlie watci dissolves anytlimg 

Ptoju ttiri — The silicon which is thus obtained is, in its ])ui<' 
sb'ite, a dull browni ]iowdcr, w’hich soils the Ungers, and when lieateil 
lu air 01 o\^g( ri, mtl.iines and bums, but is never more than partially 
(oiiveited into sihca It may be ignited strongly in a coveud 
ciiKihle without loss, and then shiiiiks in dimensions, acfimns a 
deep cliocohite colour, and becomes so dense .is to sink in oil of 
vitijol 13y tins ignition the propeities oi silicon arc altcied to .i 
degrt e which is very remarkable in a simple substance it w'as pre- 
viously Kadil} soluble in b> dioUuoric acid, with evolution of li)- 
drogcii, and iii caustic potash, but it is now no longer acted upon bv 
that or any other <icid, noi by alkalies The ignited siheoii aUit 
leluses to hum in air oi o\)gcn, even wlien nilensely heated by the 
blowjnpc flame Charcoal, it will be rciriemborcd, is more dense and 
less combustible after being strongly heated , but that substance is 
not altered by boat to tlic same extent as silicon Mixed and 
lie,itcd with dry carbonate of potash, silicon m any condition is oxi- 
dated completely, its action upon thc^carbouic acid of the salt being 
attended with ignition, and carbon hhciatul Silicon burns wlnti 
heated in sulphur vajjour, and forms a suljiliide, which wutci dis- 
solves, but decomposes at the same time, hychosuljihuric acid and 
silica being produced, and the last, notwithstaiidiiig its usual msolu- 
bdity, retained in solution Silicon likewise bums m chlorine, and 
the chlondo of silicon may be otboiw’ise formed by transmitting 
clilomie over a mixture of diarcoal and sibca ignited m a porcelain 
tube nie silica is decomposed by iieitlier cliaico<d nor chlonin 
singly, but acting together iijiou the sibca, these bodiea produce rar- 
bonic oxide and chlonde of silicon This compound is a vola- 
tile licpnd, of which tUe foimula is Si Clj , that of the sulphide of 
silicon Si S, I, 

Silica ot SiIk ic Acid, Si — ^Tliis earth, which is the only oxide 
of silicon, constitutes a number of muieials, nearly m a state of pu- 
rity, such as rock-crystal, cpiartz, fliut, sandstone, the amcihyst, cal- 
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cedojiy, cornelian^ dgalc, opa,l, &c The first chemical examiTiatiou 
ot its properties and compounds is due to Bergman 

Pteparation. — Silica may be had very nearly, if not absolutely 
pure, by heating a rolourloss specimen of roch-crj stal to redness and 
thiomng it into water, mfter which treatment the niineral may be 
easily pulveri/cd It is obhuned m a state of more minute diusuni, 
by liiiusmittiJig the gaseous lluoiide ol silicon (lluosihcic acid) into 
water, or by the action of acids upon some ot the alkaline coin- 
pounds of silica Bcpial p^uts of caihonalc of potash and carbonate 
oi soda may be lused in a iilatmuni ciucible, at a teinperatuic wlncli 
IS not bigli, and jiounded iliiit oi any other siliceous mineral, thrown 
hy little and little into the fused mass, chssoKes lint with an elleives- 
(I'lue duo to the escape of cai home acid gas The addition of the 
mineral is continued so long as it dcteimiius this clleriescence '['he 
mass being allowed to cool, IS aftciw'aids dis^oUeil m watei acidu- 
lated with liydioeldoiie arid, which lakes ii]) the sihca as well as the 
alkalies, the litpioi is lilleud and then ovapoiated lodiyiiess I'he 
Mlua may coutam a little peioxide ot iron or aluimn.i, to dissolve 
winch the saline mass, when pcilectly diy, is moistened with eoiieen- 
liated hydiocfilcAic luid, and attei two houis the acid mass is wa'-lnd 
w itli hot Avater The silicu leniains nndi'solvud, it in.iy he dried 
w’dl and ignited 

Piojwi Ik s — Silica so prepared is a while, tasteless powdc t, winch 
is imigh to the tom h, and feels gutty bi tween the teeth It is ex- 
tremely mobile when heated, ayd is tluowii out of a crucible, al a 
high temperature, by tlie tbgliti'st breath of wind It is .ibsolntcly 
niMilubh 111 watei, acids, and most li{|uuls Kiiiely divided siln a, how - 
CM I, decomposes uu alk.ihnccaiboinite at the hoihiig point, and is dis- 
solved Its density is 2 fiti The heat of the stiongest wind-fnrnace 
1" not sulhcient to tnse silica, but it melts into a limpid coloiiiless 
glass m the flame of tlic oxihydiogeu blowpipe, and may be diawn 
out into threads (Giriudui) Siliea is lound lie(|ui'iitly e lyslallr/ed, 
its ordinary form being a six-sided pusiii tcimm.ited by a six-sided 
pyinmid, as HI rock-crystal Someliiucb the prism is very short or 
disappears entirely, and the pyramid only is seen, as iii oidinary 
(|U.irtz. , 

tithcic acid dissolved by acvls — The coiulitioris of the solu- 
bihty ot silicic acid in other acids are peculiar Once precipitated, 
Avhether gelatinous, like boiled starcli, or pulverulent, it is no longer 
in the least degree soluble eithci in watei or acids It to .i dilute 
s>olution of an alkaline sibcate, hydioclilonc acid be added slowly and 
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drop by drop, tlic silicic ncnl is piccijntalcd in proportion as llu 
alkali IS neutralized But, on the contrary, no silicic acid is jiieripi 
luted, if strong liydioclilonc acid in considcrahlc excess be added ,ill 
at once to the solution of alk.diiie silicate, or if the latter be ])oiim(I 
in a gradual manner into hydrochloric acid whether strong or greatly 
diluted with water It thus ajipcars that silicic acid only dissolves 
in the stronger acids, when presented to them in the nastmt state, 
or at the moinciit of leaving another combination It appears to 
enter into conihmation with the acid which dissolves it, for it the 
lattei is exactly noutrah/ed by adding a strong solution ol ]iot<isli, 
drop hy diop, the whole of the sihca is pu'cipitated 

A pine solution of silnic acid in hydiochloiie acid, free fioio 
saline matter, is best obtained fiom the silicate of coppci 'I'lu 
latter is jncpaicd by pieeipitating cblotide of co])per by the sohitioK 
of an alkaline silicate, washing the msolnble silicate of coppii 
which falls, by several times mixing it willi walci and allowing it to 
subside, so as to gi't iid of the fhloiide ot potassium juesciit ^llu 
sihiale of coppci is then dissolved iii hydiodilonc acid, fdtcied, ami 
hydiosulpliuiic .icid gas made to stream tliioiigli the li(|uid, to pic- 
cipitatcthocojipLi Tlic bl.ickiusloublesulpliule ot cniipei isiemovi d 
by hlliatioii, aiul a jierfectly colouiless solution of silinc .uid is ob- 
tained, which may be boiled, to expel the excess of liydiosiiljihiiiK 
acid, without injuiy Tins solution is very acid, and when nculiali/i d 
by cunmonia or potasli it allows gelatinous silica to ])iei]pitatc 

JTi/il Kites uf silit It and — AVlicv the Itist solution of silica i a 
hydrochloiic acid is cvajioiated m vacuo -ovci fragnunts ol qiiuk- 
liino, it dcjiosits the piotuhydiate of silica Si()j-f HO, iii veiy tlua 
ciystalhnc Idameiits, giouped in stars, wliicli aie colouiless, tia]is))a- 
1 cut, and possessed of coiisnh rablc lustre This is also the coiiipe- 
bition of the gehilinons silica, preci])itated tioiii .111 alkalme silicate, 
when allowed to diy m an Tlic silica has fiist tlve appeaiancc o( a 
tiaimiiaieiit jelly, which is tenacious, and cracks on diying, toiinim,' 
i ma-s like gum hen this hydrate is dried at 212°, one hall "I 
Iho water escajics, and anothci delunte hyihxitc SSiOj+tllO icmaiiis 
(Dovcii) Anothci liydiatc was obtained, by M Ebebneu, by the 
sjiontaneous ilecoinpositieii ot silicic ether, ol which the composition 
IS 2Si0j-|-3110 At 37t)° C (698° E ), silicic acid does not ictaia 
moie tlian a tiace of watei * 

* Dureii Observatious 011 tliu PruytcrliLS ut biliLn, Aiiiialcs dc Ciiiui LldLrio-< 
XU p 40 (1847) 
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llydrolluonc acidlias an alliinty ([iiih poculiai lor silica, docom- 
|)()sing au‘l carrying olf the silicon, in the lorm ot the volatile 
lliioiule of silicon — 

SIIF ajitl SiO^^SiFj and 3II() 

The water of spnngs and wells always contains a little solnbk 
Mhea, which can only be separated by evaporating the water to ihy- 
iicss In some mineral waters the pro])ortion of sihra is very 
(ousidemhle, and it is often associated witli an alkaline carbonafi’, 
Mhirh silica IS capable of decomjiosing .it the boiling point, as m the 
hot .ilkaline spring of lleikum m Jccland, .ind in the boiling jets ol 
(lie (livscr, which dejiosit about then cratei an niciustatioii ot silua 
Till re t.inbcno doubt likewise tli.it iiiiich of the cryst.illinc quart/ in 
n, it lire, besides all the agates, calcedoincs, and siliceous pctnlactions 
li.ivc betu foiincd from an aqueous solution 

— Although silica has no acid icaction, it is cei’t.inily 
.111 and, and is indeed capable ot displ.icing llic most powerful ot the 
voblilc acids at a high temperature ft is tap.ihle ot ninlnig with 
iiiilalhr oxidesj, by way of fusion, m a gicat variety ol j)ro|)oi lions 
II s eeinpounds ^flth excess ol alkali .ire caustic .uid soluble, but 
those with an excess of silica are insoluble, and foim the vaneiiis ol 
iy/ce.s, which ivill be described uiulei the silicate ot sod.i A\ ilh 
.ilumina it foims the less fusible compounds ol porcel.uu .iiid stone- 
ware, which will be noticed under that earth A huge inunlMr ol 
iiiiiier.il species idso <iu e.nthji sibcatcs It seems probable th.if 
siliuc, like jiliospboric acid, loinis sevcial classes of s.il(s, ol winch 
fliose containing the Ingest nmiihei of atoms ol‘ h.isc .ne the most 
easily decomposed by acids At the same time, soini .ill.itropic dif- 
leri'iicc may be susjiecUd between the siliuc acid itscll, as it i xists 
111 these ihllcrent classes of salts, siuh as tin le is bitwceii ignited .mil 
unigiuted silicon 

Tile formuhi foi silicic arid is not very certainly esf.ihlished Most 
ilicunsts admit it to be Si()„ or an.ilogous to snljihiiiic .icul SO^, 
uni then tlic* equivalent of silicon is 215G 7 Ihit others adopt the 
lomnila S 1 O 2 , considering silicic acid an.ilogous to carbonic .icnl 
tke equivalent of silicon then becomes 177 8 The l.ist view 
is most 111 uccoidauce with the (tensity of silicic ctlier vapour. On 
the other hand, the coraiiositioii ot, two intcnneih.ite coinpoimtls 
between t^ie chloride ol silicon SiClj and the sulphidi of silicon 
SiSj, namely, SiSCl^ and SiSjC’l, is most simply represented on the 
lust view (Is Pieire) 
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SlIliPllUB. 

Kq 16 «/ 200 , S, (It 900°, th nsthj of tapoui 6631, (tud com- 
hinntfj iti('a\iin‘ 1-3^^ voltimc , at 1800°^ ih‘ii\itq about one-thud 

of abut e, and ( ombunnq nu'asui e 1 i olume \ 

This clciuLiit IS Gvli.ili'd 111 largo quantity from volcanoes, either m 
a pure stale or in comhniation willi hydrogen, and by condensing m 
lissuics forms sulphur veins, from \ihif‘h the gi cater part of the sul- 
phur of commerce IS dcn\ ed * It exists also iii combination with 
many metals, as iron, lead, copjier, zinc, &c , .ind is somcl lines 
extracted Irom non ]>} tiles oi bisulphide of non Sulphiii is 
classed with oxygen, and tin* higher feul])hides lesemble peroxahs 
111 losing a portion ot tlitir sulphur, as some of the latter lose 
a portion of tlicir oxygen, when strongly heated Sulphur is hke- 
xvise extensively ditlused, as a eonsliUKut ot the sulphiinc acid, in 
gypsum and otliei native sulphates Tins element also enters into llie 
organic kingdom, being nivanably associated in minute quantity with 
albuminous or protein compounds 

— Sul))lmi is iouiul in connneree in' rolls, winch air 
foimed by pouiiiig mdted suljiliur into cylmihical moulds, and al'O 
in tlie torm of a fine ciyst.dlioe powder, thcHowcrsot sulphur, wliuli 
arc obtained by thiowingtlie vapour ot sulphur into a close .ipail- 
nieiit, of which the teinpeiatuie is below tlio point of fusion ot tli.il 
substance, and m w'hich the suljdiui thercfoie condenses in the sulid 
foiiii and in iiiniute eiystals, just as waleiy vapour does m the at- 
niosplicro below 32°, in the foim of snow The jnmty of the lloweis 
IS more to be depended upon than that of roil-sulphur Sulpluii is 
msijnd and gcncr.illy inodorous, but acquires an odour when rubbed , 
it IS veiy friable, a roll of it generally emitting a trackhng sound, 
and sometuncs bi caking, when held in the warm hand Its speeilic 
gr.ivity IS 1 98 It fuses at 234>°, foimiug .i transpaicnt and iieaily 
colourless liquid, which is lighter than the solid sulphur As the 
temperature is elevated, the liquid becomes more yell#w, and p.isscs 
abiuptly into a daik brown at 482°. These allatropic conditions aic 
distiiigmshed by Tiaiikcidieiin as Sa, and S/9 In the last state it is so 
thick and viscous as to flow with ddficulty This change m its degree 
of lluidity IS not occasioned by an iucie.ise of density, for fluid sulphur 
coutmucs to expand with the temperature Tlirown into water, wlule in 
tins condition, sulphur forms a mass winch remaiiis soft and transparent 

See Kerhcrchcs aur Ics fumcrollca, par MM Melloui and Pina Anualcs de Chiw 
rt de Phys 2de »or kxiv 331 
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for some time alter it is pcrlLctly cool, and may be drawn into threads 
winch have considerable elasticity h'rom 500° to its boiling jiomt 
7SS°, when it is distinguished as Sy, it becomes again more Hind, 
and if allowed to cool returns through the same conditions, bi coming 
again very fluid, beforo frfcc/irig Sulpbui has considciablc volatility, 
beginning to rise in vapour before it is comphtely fused At ils 
boiling point it forms a traiispaient vapour of an orange coloiii, .md 
distils over unchanged 'I'lie density of tins vajiour, takin a little 
above its boiling point, is veiy considciablc, being obstsved to be 
between 0510 and 0617 by Dum.is, to be 0000 by Mitselu ibcli 
These le^'ults indicate the unusual combining measme of l-Od of a 
lolume for tins vapour, wliieb gives the theoretical deiisitj 0001 
l?iit sulphur vapoui has lately been shown by AI Jhiieau to be one ot 
those bodies of wlncli the density cbangis ivitli tlie tempeiatiire 
(page 156), and to fall at 1000° C uiidci oidiiiaiy piessiiic to about 
iinc-tbird of what it is about 450° or 50t)° C I'lie anomaly ot its 
density is thus removed, and the coiabining lue.isure of sulphiir- 
vapom made to be 1 volume, oi the same ns owgrii 

Sulphur and, many otiici substances maybe obtaimd in distinct 
(ivstals, on passiilg from a state ot fusion, by opeiating m a pai- 
ticular manner A coiisidcrablo cjuantity of sulpliiii is fust cl in a 
stoneware crucible, and allowed to cool till it begins to solidity , the 
solid crust winch covets its surface is then broken, and the 
port mu remaining flmcl poured out On afterw' arils breaking ihe 
crucible, when it has become qinte cold, the sulidiiii is hmiid to Inivc 
a considerable cavity, wdiich is lined with fine ciyslids, like ageocloiii 
quartz Sulphur is dimoiphoiis, Ihe toim wlncli it a'-siinies ala high 
teuiperatiirc, and coiisecpieiitly in its [lassuge from a stiitc ot liisimi, 
IS a secondary modification of an oblirpic priMU with a iliomboiihil 
h'lse (fig liJO), belonging to the Fifth System of erystcdlizidioii 
Fio 126 (page 107) Sulphur is 

^ ^ soluble 111 the sulphide of 

carbon, the cblorule of 
* sulphur and oil of tur- 

pentine, and IS deposited from solution in these menstrua at a lower 
temperature, and of its second form, which is ait elongated octobedron 
with a rhomboidal base (fig 127)* belonging to the Third System 
Fig 127 *Snch is likewise the form of 




the grains of flowers of sul- 
phur, and of the fine trans- 
parent crystals of native sul- 
phur , which last appear also to 
be formed by sublimation 
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Sulphur IS not soluble in water nor lu nlcoliol It combines roadih 
with most melnJh , some of them, such as copper and silver in \ cn- 
thiu plates, buiiiiiig in its vapour, as iron does iii oxygen gas AVlim 
iron tiiul some other metals are mi\c<l in a stale of division mtli 
flowers of sulphur, and heat appheil, the sulphur first melts, ui'd .ifter 
a few seconds combination ensues with turgi'scciice ot the mass, n lnrli 
becomes red-hot Sulphui unites with bodies generally m the s.ime 
multi])le jiropoi lions asoxjgeii, and sometimes m additional piopni- 
tioiis, pailicidaily with potassium, and the metals of the nlkaliis and 
cdkaliiie earths When boded m ith caustic potash or lime, red solul mtis 
are forinrd uhich eontaia a large <|uaiility of sulphur, a consi(leial*l( 
piopoition of whicli IS deposited as a nhitc Indiatc of sulphm, iijioti 
llie addition of .ui acid With h^diogen, snlpluir unites iii sinirlc 
etjuivalcnts, and forms lij drosuljfliuric acid gas, winch istlie aiialogiii' 
ol natci in the sulplnit senes of toin^iounds, and also anotliei (oiii 
pound, the hisuliihide of hydrogen, winch is diticicnt in stahilitj, liU’ 
the hmoxidc of hydrogen, and is decomposed oi picscrvcd by siuul ii 
Hgeiicies 

Sulphui IS readily inflamed, taking flic below its boiling point, and 
buniiiig with a pale blue llamo and the formation of siiAVk .ding 
iiinies, wdneh arc sulphurous acid gas It exhausts the oxjgiii of a 
eonfmed poilioii of air by its eombustioii moie coinpletdy tlian 
caibonaceous eomlmstiblcs, and on that .iccoiint, and partly .d»o 
from a negative influence wluch sulphurous ,icid h.xs upon the eoin- 
bustion of other hotlies, it ni.iy he cinploved iii paihciilar ciinmi- 
stanccs to extinguish combu'-tioii , a InmilTid of lump sulphur lieiiii; 
diojipcd into a hui mug chimney as Hu most efloctual means of cxiiu 
guishiiig it Sulphur umtes directly with oxygen only in the pin 
portion of sulphurous acid, but several comimiinds of the saiiie 
ments may be formed, which aro all .itids, namely — 


1 Sulphurous acid S Oj 

2 Hyposnlphurons acid 83 Oj 

3 Sulphuric acid *"8 O, 

4 Hyposulphunc acul Sg O5 

5 Monosul-Hyposulpliunc acid . Sj O5 

6 Disul-hyposulphunc acid . S4 O5 

7 Trisul-hyposulplmrie acid S5 O5 


Uses . — Prom its ready inflammability sulphur has long been a)> 
plied to wood-matches But its most considerable ajiplicatioii*' arr 



PURPARATION OF SULFlItJFOlIS ACIP 


399 


111 lilt* composition of I'unjiowilor and other deH.igrating mivtures, 
,iiul in the inanufactuie of siilphunc acid, which thcic will ugam he 
iHcasioii to notice in a more particular maimer. 

sill PJlUllOUa ACID. 

IJq 32 0 ! 400, SOj, (Unsitq of qo', 22t7, tomhutitn/ 

nieasmt' \ | | 

Sulphurous acid iias clistmgmshed as a p.iitieid.ii siihstniiee h> 
Stilil, and (list U'cognised as a gas by Di Piiestley II u,ts suh- 
M(nuiill\ analj/ed wilh aceiiracy by (Jaj-Liiss.ic and h\ llc-i/eluis 

Pn liiiHitifUi — AVheii sulplnn is hninod iii diy an oi oxigon gas, 
sulplnncnis acid IS the sole product, and the gas is found to ha\e 
iiiideigono no cliangi' in volume Ihil sulphnious acid is inoie ron- 
vdiuntly jirepaud m lalioiatoncs by s< venal nthci piousses 

(I) All lilt unato im\tme of 0 pails ot bino\ide ot munganeso 
and I part of floucis ol siiljihur is lieatcnl m a small icdoit of hard 
glass (lig 128,) 4he gas is cauicd through a vvash-botlle to airest a 

litllo vapoiii of sulphur winch 
13 caiiU'd oviM lli'ic the siil- 
phui IS blunt .it the e\pi use of 
a poitioii of theowgen of llu 
bnio\ide of in.imranit.e Sul- 
^ phiiioiis acid, vilucli is the pio- 
dnet of the combustion, c'sc.ipes, 
and pjoloMih of iiiaiig.uubu ii>- 

inaiiis in the retort (llognault ) 

S and 2 MnO^ = SOjand 2 Mn () 

( J ) Hy heating oil of vitriol upon mere iiry or c opper, eithei of winch 
lice omes an oxjde at llic expense of one poiLion ol the' suliiluiric acid, 
■ind thereby causes the formation oi sulphurous .icid Siiect copiiti 
cut into small pieces is put into a flask to winch undiluted od ol 
vitriol IS added, and a moderate* heat applied. The gas is caincd 
tlirough a bottle, containing a little w.iter to condcmbC the va[)C)ni 

sulphuric acid, of which a little is earned ovct, and aflc-nvanls 
through a*tube containmg chloride of calcmin, if it is desired to 
<hy the gas. 


Fio 128 
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(3 ) Charcoal, chips ol wood, straw, and such bodies, occasion 
a similar decomposition of sulphuric acid, when heated with 
but the gas is then mixed with a laigc rpiantity of carbonic acid 
If the sulphurous acid, however, is to be usol to iinprfgnalc 
water, or in making alkaline sulphites, thb presence of that gas is 
immaterial 'With that object, a quantity of oil of vitiiol, (‘(lual m 
volume to 4 oiinte measures of water, which tor brevity may bp 
spoken of as 4 miner measures of oil of vitnol, is introduced into 
a flsvsk with hall an ounee of pounded wood-charcoal, and the t\io 
substances well mixed with agitation (tig 1‘29) Eirervescencr takes 
Til 129 place upon ajiplymg heat to the llask, from 

the evolution of gas, which may he roii- 
dutted m the hrst instance into an mter- 
mcfliatc phial, tiiroiigh the cork of wlucli 
<i stout tube passe s, open at both ends, 
and about 3-Sths of an inrh in mlcrn.il 
diameter Tins phial contains about nn 
ounc(‘ of watiT, into which the wider tube 
dips, and the tube from the flask descends 
still lower The phial serves the pur- 
pose of a wash-hottle in condensing any 
sulphuric acid vapour that may be eatrieil 
over by tlio gas, or ol mtereepting tbe liquid materi.d in the ilask, if 
throw'll out by ebullition, and also of preventing the Injuid in I he 
second bottle from p.issiiig back, liy the glass tube, into the gme- 
rating flask, on the octuircnee oi a conbrat lion of the air in tluil 
flask, by cooling in <iiiy otliei cause When tliat contr.ictinii 
happens m tins arrangement, tin external air enters the mtermcduti 
phial by its open tube The second bottle is ncaily filled with wain 
to be impregnated by the gas 

P/oprjiicf, — AVatcr at 60° is capable of dissolving nearly oOtiinis 
its volume of sulphurous acid, winch makes it necessary to collect tins 
gas for examination by displacement of air, or m jars filled with 
mercury m the mercurial trough Its density is 2247 /and it contains 
2 volumes of oxygen with 1 volume of sulphur vapour (density 221 lb 
condensed into 2 volumes, which form its combining measure h 
may easily be obtained in the liquid state by transmittuig the dry gf*-** 
obtained by the first or secoufl process through a U shaped tube, 
surrounded by a freezing mixture oficc and salt, or better, of icc and 
ctilonde of calcium It forms a colourless and very mobile liquid, 
of sp. gr 1 45, which boils at 14°. The volatihty of this" liquid is 
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Miuill at coiisulcrdbly lower tcmper.il uus, and it is iu)i .ip])lK able witli 
,i(l\.iiit.ii?e to produce intense cold by its ev.ipoiation (Kemp ) Sul- 
jiliiuous acid crystallizes from a saturated solution in watii, ,it a 
iLinpoiature of 4 or 5 degrees above 32°, iti combination witli 2H pei 
(Lilt of water or 0 eqiuvaienl s, SO^+OIIO (Pioire) 

iSiilpliuious acid IS not dccomjiohcd by a high tcin]M latuic , but 
scveitd substances, such as caiboii, hydrogen, and potavSbiinn, whitli 
lunc a stiong aHiinty foi oxygen, decompose it at a iid lieal This 
acid blanches many vegetable and aninuil tolouis, — thus violets 
pliiiigc'd lor a shoit time into a solution of sulpluiioiis acid become 
(Oiiiphtely white, and the vapouts ol burning suljihui au' tlieietoie 
iiiiplojcd to whiten straw and to hloacli silk, to winch lluy also 
Linpart a peculiar gloss The roloiiis aie not destroyed, and ma\ in 
general he restored hy the application ol a sfiougei acid oi an alkiili 
|)r> biilphurous acid exliihits no aflimty loi owgen, hut in (onlaet 
uithahlth \iatet ihese gases slouly comhiiu, and sniphniic a( id is 
loiiiied Kiom tlu s.nne alliinty tor oxygen, snlphinoiis ac id depincs 
lli( soliilKin ol peniiaiiganate ot potash ot its kmI coloiii and tliiows 
(Imi II iodine troni lodic acid It dicoiiqiosts tlie sohdioiis ol tliose 
niil.ils which havi«a we.ik aninity lui owgiii, such as gold, sdvii, 
iiieinny (w'lth heat), and tliiows down these bodies m Ihi inetallu 
stale Sidpliuioiis acid is i oiivenimitly wilhdiawn lioin a g.iseous 
iiiixliiio hy im.iiisol piioxidi ol hiid, winch is cmneilcd hy tih- 
Miibiiig this gas into (lie while siil|)li,if(' ol lead Uy iiiltic acid, 
siiljiliuious acid is immedmtely ccpiveitcd into sulphuiic ac id 

— 'L'he alkalnii sulphites have a coiisid< i.ihle u'sc'iii- 
bl.iiui to tlic coi responding sulphates 'I'lien acid is pic ci])ilatLd by 
llie c lilondo ot barium, tint the sulphite ot h.inf.iis disMilvcc I by liy- 
fiioflilonc lUid Wlieii m solution the sidpliites giaclii.illy ibsorb 
fiomtlic an, and ])ass into sulph.iles ynlpluiious acid is a 
lUiik acid, mid its salts .ue decoimiosed by most olhci acid-' 

— Besides the ajiphcatioii ol winch snl])hLiions acid is siis- 
c^iptiblem hleachiiig, it is likewise eiujiloyed in Pieiich liospilals, in 
dll treatment evt diseases of the skin 'I'lie gas is then .ipiihed in 
dieiorniot a bath (Uumas, Ti.iilo do Clnmie applicynee .inx Aits, 

1 I'JI) 

A’his oxide of sulphur, besides achug as an acid, lias been snp- 
]>0''C d to play the part of a radical, like* caiboiiic oxide, .uid to jier- 
'•ide a class of compounds, m which liyposulpliurous acid and sid- 
pliuric acid arc included — 

• 2d 



402 


SULPHUR 




SULPHUROUS ACID SliiUIliiS 


Sulphurous acid 
Sulpliunc acid 
llyposulphnrous acid 
ClilorosulpliurK acid 
Nitrosuljihuric .icid 
A'/otosulpliunc ticid 


. SO2 
SOa + 0 
SO2 + S 
SO2 + CI 
SOa+NO 
2SOa+NO 


SULPHURIC ACID. 

Eq 40 <n riOO , SO^, density oj lajnno 2702 , | Q 

Chemists have been in possession of processes for prep, mug this 
acid smcc the end of the liftecntli century Tt is of all reayents tin 
one in most frequent use, hetng the key to tlic preparation ol most 
other acids, nlnch, in eonseipiencc of its superior affinities, it 
separates from their comhni.itions , and being the acid pieferiultu 
olhtiSj fioin its cheapness, lor vaiious useful and impoitant pnrposis. 
HI the aits 

Piepatution . — Siilphuiic acid Mas first obtained by the distilla- 
tion of green vitriol 01 coppeias, a native sulphate of iron, anil tins 
process is still followed in Jlohenua, foi the prcpaiation of a Iiighh 
conceiitiated acid, known as the Noidliausen acid, from being loim 
produced at Nordhausin m Saxony The sulpliate of iron cunltiiii'i 
seven cqinv.deiit'' ol ivatei, and fs tiist clued, by winch its wain 
IS reduced coiiMiIeiahly below a single equivalent, and then di'-tilled 
m a idoit of stoneware ,it i icd heat When the expciiinuit 
is peifuiined on a ''lu.ill scale, the heat of an argaiid sjmit-laiuti 
is sulhcienl , and in the phice of coppeias, the sulphate of non ])ic- 
vioii^ly jieioxidi/ed, the sulphate ol bismuth, of antimony, ui I'l 
miicuiy, may be cinplojed 'I’lie first eircct ol heat upon the clu‘<l 
sul\>halc ol iron is to cause an evolution of sulpliurous acid gas 
liortioii ol sidjihuiic acid being dccomjiosed 111 converting the pio 
toxidc ol noil of that salt into scsquioxide, 

2 (h’eGJ.SO,) = SO 2 and SO, and TejOg , 

but the salt used 111 Uoliemia, it appears, is a native sulphate, a* 
which the greater part of the iron is already 111 the state of se-iiin 
oxide, so tliat littjll^sul})liuruus acid is lost. Vapours afterwaid'- ft""* 
^over, wlucli condense into ii fuiiung liquid, gcneially of 11 blacl 



jfiULflllJUlC ACID. 


103 


colour, rtiifl of a dciibiljr about 1 9 , winch la tliu Noidlimhui acid, 
and oontaiJis less tli.iii one equivalent of water to two of siiljihunc 
.,11(1 Tina acid is piefened for dissolviiiq indigo, and foi some olliei 
jKii [loses in the aits, and is the beat souice of aiihydious anlphuuc 
ai id 

But sulphunc acid is prep iied, in vastly gicatci ([uanlity, by tin 
oxidation of sulphur Wlmn buiiu‘d in .in oi oxygen, sul|)Iiur does 
not attain a higlier degree of oxidation tli.iii sulpliiiroiis iieid, but an 
.idditional proportion of oxygen may lie coininiinicaled to it by two 
mi'tliods, and suljiliiinc acid formed 
I When a mixtiuo of sulphnioua ,icid and an, ivliich must he 
pieviously dned, is unde to pass ovei spongy jdatiiiiim, or a li.ill ol 
ileaii platimim wiie, at a high lempeiaturc, the sulphurous add is 
loinei led into sulphuric a<id at Ihe expense^ of the oxjgdi of (he 
,111 After a time, houever, the pl.iliiiuin loses this [uoperty, and the 
jimccss, although iiituesiing m tcunliiie point of view, dots noi 
aiisiiei, on account of tliat cliange, as a nianiifatfuniig method 
I ynlphuiuiis, acid mi\('d with an may he convi-iti'd into siil- 
|iliutic acid, by, the agency ot intnc oxuh, which is tlie piori'ss gciie- 
lally puisued in tlic imiiiufactuie ot llns and Tlu* theory ot this 
latter iaetlu»d, wliidi is by no moans obvious, has ht'cii illiistrati'd by 
the rosearcims of Clcnu iit-Dcsoiims, f)avi, J)e la Jhovost.iye, lUid 
others It IS generally coiisideied as depending upon the lollowing 
1 ('actions — 

1 AVheii binoxidc of nitrogei> j'lO^ mixes willi an in excess, U is 
insiaiilly coiivcrtid into jicroxide ot iiitiogen INO^ 

Si I’croxidc cif lutiogeiL is comeited by coiiliU t witli a small (juaii- 
lity of water into the nitiatc of wafer and intioiis acid 

2Nf\ and 110=110 NO^ iiiid i\Oj 

•i Ab'^rous acid in contact witli a Luge qiiarititv of watci is (on- 
' cited into nitrate of watci and binoxidc of nitrogen. 

3NO3 aiK^ water iii cxccss=lIO AO5+ Water and SAOj 

Coiiseqnentlj', nmtiTig the last two opciations, peroxide of nitrogen 
is (oiivertcd by a laigc ((iiantity of water into nitric rieid and binoxide 
of nitrogen 

'f Sulphurous acid takes oxygen fjoin hydrated nitric acid, and 
^Jocoincs sulphuric acid, disengaging peroxide of ^trogen 

Aa the peroxide of nitrogen gives nitric aeid and hmoxide of 
nitrogen ( 3 ), and the hist gas is converted by air into jioioxulc of 
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uitrogeii (1), the production of mtnc acid may be repeated without 
end, and more and more sulphurous acid is converted by the hittcn 
into sulphuric acid It thus appears that with a sufficient supply of 
air or oxygen, a small quantity of nitric acid (or of binoxide of 
nitrogen) may convert a large quantity of* sulphurous acid into sul 
phunc acid Tlie binoxide of nitrogen, only acting as a puivojor of 
oxygen, is re-obtaincd entire, without loss, at the end of the piocc-is 
The sulphurous has derived the oxygen necessary Ito convert it into 
sulphunc acid, really from the air, but in an indirect manner 

In tlic manufacture upon the large stale, the sulphurous aud is 
converted into sulphunc acid, in oblong chambers ot sheet lead, sup. 
ported by an external framework of wood Sulphurous acid lioin 
burning sulphur, nitric acid vapour, and steam, aic simultaiieoudi 
admitted into the leaden chamber , and the sulphuric acid foimcil 
accumulates in the liquid state upon the floor of the chamber Tlic 
diagram below represents one of the forms of the chambir, with its 
appendages 
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a represents the w.iter boiler with its fuinacc, for supplying tlie 
chamber with steam , ft, the section of a small chamber in bnckwork, 
or furnace, called the bunier, upoixtbe floor of which the sulphur 
burns, and in winch there is a trqwd s'apporting an iron capsule, 
which contains the inatcnal'> for mtiic acid, namely, od of vilnol, 
and cithei nitre or nitrate of soda The heat of the Imrning sul- 
phur evolves the nitric acid from these matenals, aud consequently 
the sulphurous acid becomes mixed with nitric acid vapour, ahicli 
it carries forward with it, by a tube represented in the figure, lute 
the chamber, where these acid vapours meet ivitli the steam adjiiillcil 
near the same point, and the formation of snlpliuric acid takes })lacr’ 
Tlic nitric acid vapour is equivalent to binoxide or* to pcioxiile of 
nitrogen, as the fust effect of the sulpbmous acid is to reduce the niti'c 
acid to a lower state e.f oxidation Ifrora 8 to 19 parts of sulphur aio 
conspmed in the burner for 1 jfart of nitrate of soda decomposed 
there, so that the quantity of nitrous fumes is small compared witli 
the quantity of sulphuious acid thrown into the chaipber Tlie 
chamber represented is 72 feet in length by 14 in breadth, and H' 
HI height, and is divide^} into three compartments, by leaden eurtuiu'' 
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plftccd across it, two of whicli, d and arc suspended from the roof, 
and reach to within six inches of the floor, and one, e, rises from the floor 
to witliin SIX inches of the roof ^ is a leaden conduit tulie, for the 
discharge of the uncondcnsiblc g.ises, which should coininiiiiic.ito 
aitli a tall chimney, to c<ii*ry off these gases and to occasion a slight 
draught through the chamber The curtains serve to detain tlic 
\apoui3, and cause them to cidvaiiccin a gniduiU mannci through the 
cliainher, so that the sulpliune acid is deposited as completely as 
po'ssible, before the vapours reach the dischaige tube "When the 
owgcn of the chamber is exhausted, tJie admis'^ioii of acid vapours 
IS discontinued, till the air lu it is nncwcil But the admission of 
air to the chamber is generally so regulated, that a conliiiiious cur- 
rent IS maintained through the chambei, and the c umbiistioii proceeds 
without interruption When stc.'im is admiLled in ])ropcr quantity, 
<is 111 tins method, it la not iicccawiy to begin by covciing the floor 
with water 

TliP acid may be drawn off Irom the floor of the clumber of a 
sj) gi as high as 1 G It is further eonceiili.ited in open leaden 
jians, till it begijia to act upon tlie metal, and afU'iwards m retoits ot 
pLitinum or glass * It stdl retains small (piantitics of intious acid 
and sulphate of lead, fiom which it tan be comidetely purifu'd by 
dilution with wuter and a second dishlLition The acid thus ob- 
tained, 111 its most coucciitiatcd state is a definite (oinpound ot one 
cq acid and one ei^ ol w<iter, IlOvSO,, which last cannot be 
separated b) heat, the hjdiatc dtstilhng o\ci unchanged It is the 
Oil of Vitnol ot commerce ‘ 

The construction of the leaden chamber is greatly varied , one 
eliambcr of great dimensions is ottini used wnthont any division by 
curtains, or tlio vapour is earned successively through a senes of 
three, four, or five coimected chambers The siiljduirous acid, also, is 
often d^nved from the combustion of bisiilplndc ot iron (iron 
Jiyrites), instead of sulphur, a pceiihar kiln or flue liring employed 
for burning the former. At the suggestion of G.iy-Lussac, the 
nitrous vapour, ^s it ultimately leaves the cliambci with tlic air ex- 
liaustcd of oxygen, is absorbed by being made to pass through a 
column of coke, over which a stream of the cohceiitratcd sidphunc 
“cicl IS flowing The suliihunc acid, after being charged with nitrous 
vapours or nitric acid, is transported* back to the anterior p.iit of 
the chamber and there exposed to the sulphurous acid, as the latter 
leaves the sulphur burner. This exposure denitiates tlie sulpliune 
®cid, much sulphurous «cid becoming sulpliune acid, and peroxide 
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of nitrogen being liberated in tbe state of vapour. (See Kiiapu’s 
Cbcmieiil Tcclinologv, edilcd by Drs Ronalds and llicbardhoiij i i‘J() | 

When the supply of a(|ucous vapour in the chamber is msnificn ui^ 
rt white crv''tidline coinpomid appeals, known as the ciystalhne sul) 
stance ol (lieh'aden cli.nnbeis it is deposited most frequently in tin 
tube by winch two eli.imbeis communicate It contains tlie Ui 
ineiits ol 2 c(| suljiliiiiic acid, and 1 eq nitric acid, 2 SOj + Is’O,, 
but several other view's of the aiiaiigmnent of its elements in,ij lie 
entei lamed with eipial |nob:ibilitj This substance, wliieh is ,ilsn 
teimed a/oto-sulphiine aeid (83 NOq), is decomposed by watei, and 
gi\cs snlplniiie .icid, iidiic <icid, and binoMtle of nitrogen 

8 (vSj NO,,) and 7 110 = 0 (ITOSO,) and 1 10 NO 5 , and 2 NO, 


'I'lie formation of tbe fiysialline subslanee, and the general opri.i 
turn of the leaden ilianihoi, may bo ilhistmted hy the ariangenieiil 111 
fig 131 IhnoMdooinitiogcn exoUidhytlu action ofdilute intiii and 
I- 11 . ni on eoppei in I In 

gas-hotlle (I, .iiid 
„|si(iphiirotis and 
evolved hy the ,11’ 
tiori of coppei clip 
pings on (oimii- 
trated sulidnim 
acid 111 tlie il.i'l 
13 , aie eomnid 
into a huge gli-'' 
glolx'. A, eont.iin 
ing air lliiddi 
fumes lit ])cioMdr 
ot mtiogen (irst, appeal, hut stxm the inner surface of the glolie 
IS frosted over with the riystalliiie rompouiid If steam or wider lio 
now introduced, hy one of the free tubes, the crystals disappear will' 
effen escence, from escape of gas, sulphuric and is pi;odiiced, and H" 



changes aic rejicatcd till Ihc air in A is exhausted 

Piojieitu ", — Anhydious sulphuric acid is obtained hy penfh 
healing the fuming and of Nord’mnsen 111 a retort, and receiving d'' 
\ apoui in a bottle aitificially j’ooled, which can afterwards he closed 
by a glass stopper It condenses m solid fibres, like asbi'stos, 
arc tenacious, and may be moulded by the fingers like'w'ax 
density of the solid at 08° is 1 97 at 77 ° it is liquid , and a httlr 
above that temperature it enters into ebullition, affording a colouih"'' 
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vapour, which produces dcusc white fumes on miving with air, by 
condensing moisture Tlie dry acid docs not redden litmus, .mi-fleet 
winch requires the presence of moisture It combines uitli sulpluu, 
and produces liquid comjiounds, which me ot d blown, triei'i!, .nnl 
blue colour, and, with oiie-ti-nth of its weight of iodine, foims a coin- 
pound of a fine green toloui, which .assumes tlie cryst.illiiie loini 
llr.iled 111 the aoid v.apour, c.iiisiie lime or b.n^ta inll.nncs and hums 
for a few seconds, the vapour is .ibsorhed, .mil siiljilute of lime oi 
biinta formed JUHie aiiliydious .icid has .i gie.if .ifKinly foi water, 
. 111(1 when dropped into th.it liquid, ocr.isions ,i Imisl, ot i.ipour from 
tlie heat evohed Tlie density of ils v.ipoiu w'ns found lobe 13000 by 
Milsclieilicli, but it is jiroliably 27(»3, ami fomieil of 3 volumes of 
owgiii <md 1 volumo ot siilpliin v.qioiii (oiidi n-ed into 2 volumes, 
uliicli eonstilutc its coiiibiiinig me.i-.ure 'I'lii-. \.ipom is icsolvcd 
by a stiniig red lu'.it into sulplimous .uid .mil i)\\gen 

When the Nordb.m-icii acid is iilaincd bi low .32'^, well-toimi'd 
'i\st<ils apjieiu III it, wliicli Milstbeilitli finds to bi .i coiiipoiind of 
two equivalents of acid .md one ol w.ilei, oi 2S(),-f 110* This 
I ompoiiiid is resolved by lie^it into tin aiiliydious .and, uliieli sublimes, 
.mil llie fiist hydrate, or oil of vitriol 
Tlic most GOiiccnti.itcd oil of vitiiol ot the leaden (Iiambcis 
(ll()-f-SO,) IS a dense, colourless fluid of an oily eousisteiue, winch 
boils at 020°, .uid tiee/cs at — 29°, yielding oftin K'gul.ir siv-sided 
[lubina of a tabuLir loiiii It h.is .a specitie gi.ivity at 00° of 
1 S15. It is a most powcififl acid, suppl.iiifing .ill others fiom 
tliLir combinations, witli a few exceptions, and when undiluted is 
Itighly coiiosivc It (li.irs .md destioys most org.mic substaiici s It 
b.is a strong sour taste, and reddens litmus even though groiilly 
diluted Sulphur is soluble to a sm-ill extent in the concentrated 
find, and communicates a blue, grwn, or brown lint to it, so are 
selenium and tellunum Cli.irro.d .ilso appeals to bo slightly soluble 
Ol tins acid, unpaiting to it a pink tint, wliicli aftiiWiiids becomes 
leddish brown. The coiicenii.ilcd acid has a gre.it aJImity for water, 
winch it absoilis from the atmosphere, .and is usefully employed to ihy 
‘'ubstances placed near it m vacuo Coiisider.iblc heat is evolved iii 
Its combination with water whcij 4- parts by weight of the eoiieeu- 
trated acid are suddenly mixed with 1 p.irt of watci, the lompei.itnrc 
iis^s to 300° 'When diluted with about thirty times its weight ot 
"ater, sulphate of water, HO SO^, evolves heat, wliieli may be iijiic- 
"ented by 23 degrees, while HO SO, -b lit), simiLnly djiufi-d. 


• Flcmens de rhnnic, por E MitailiLihcli, tup '>7 
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evolves 14 degrees, or 9 degrees less, and IIO SO 3 + 5110, 5 degrees 
only, or 18 degrees less lienee llie first equivalent of water wliioh 
combines 11 illi oil of \ iti lol ajipcars to evolve as mucli heat as tlu 
follomiig foiii efiuiialents (ileni Cliem Soc , 1 107) In a senes 
of valuable expenmenfs by ]\r Alma, but wlheh do not admit of Ikih-t 
complied with the jneci'diiig, he obtained tlie following n sails 
(Anti.ih s dc Oil , fl ■'('t. Ml 171) — 

(Jii.iiililies ol heal disengaged by the combination of suljdiale of 
watei, — 


Willi 1 eq water 
2 „ 

5 

d. 


if 

if 


Excess 


(It 25 degrees 


9 1 00 


ii 


113 00 
121 13 
131 00 


ii 

33 

33 


] 65 03 


The anhydrous acid disengaged 237 13 degrees in eoniliiiniig 
w’ltli an excess of vater 'riie \aluc of th(‘s(' last degrees, or tbe unit 
of heat, is the qiianlity of heal reqimed to heat up 1 giainiiic 
(15 414 grs ) of water 1° Centigiade Alma f oin’liides that 111 the 
coinbinalion ol ajiliydrous sulphnrie arid with walei, theipiaiititiesdf 
hratsiioecssively disc iigaged by the difleieiit eipinalents of walls lane 
a multiple relation, and eniicsjioiul xeiy rlosoly, lor the hrst equmi- 
lenls, with the nnnibevs — 


Tlie density ot snlphiiiic acid heeoines always less by dilution, but 
iiotexaetU in the ratio of tliexyatii added ('Pabli of Densities ol Sul 
^diiirie Acid, in Appendix) 

Acid of density 1 78 is the second definite Iniliate, eonl.nning twe 
cq of water to one of arid This hydrate foims laigc and regnlai 
crystals, even a little above the free/ang point of x\atei, and x..»s ob- 
served by Mr Keir to leinain solid till the tcmiierature rose to I 
If tlie dilute acid is evaporated at a heat not exceeding ^00°, its watci 
IS reduced to the jiroporlion of this hydrate This second e([ ol 
water is expelled by ar higher temperature, but the first eq can only 
be separated from the acid by a stitmgcr base Sulphuric acid forms 
still a thud hydrate, of sp gr J 632, containing three eq of watjCi, 
the projiGitioii to winch the water of a more dilute acid is reduced, 
by' cvapoiation in. vacuo at 212° It is also in the proportions of 
this hydrate that the acid and water undergo the greatest condcnsatiou 
or reduction of volume, in combining The following, then, arc the 
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formulae of the definite hydrates of this acid, including that derived 
by Mitscherlich from the Nordliausen acid — 


HYDRATta OP SULPHURIC ACID 


Jljdratc in tlie Nordliausen acid 
Oil of vitnol, (sp gr 1 8t5) 
Aeid of s]! gr 1 78 
Acid of sp gr 1 632 


no 2SO, 
HOSO^ 
lIOSOj + HO 
no SO, + 2 110 


Tlic composition of a h}di.itc of biilpluiiie acid is asceitaiiiod by 
.idduig a known weight of OMde of lead to the Iirpiid, in a capsule, 
and evaporating to dryness As the sulphurie acid abandons all its 
n.iter on combining with oxide of lc<id, and the sulphate of lead may 
he heated without decomposition, llio increase of weight winch the 
oxide on the capsule undergoes is precisely the quantity of dry sul- 
pliiint acid m tlie hydrate examined 
Sulphuric acid acts in two dittcrcnt modes upon metals, dissolving 
some, sueli as copper and mercury, witli the evolution of sulphurous 
acid, and others, such as zinc and non, with the cxolution of hydio- 
gdi gas 'I'lm* metal is oxidated at the expense of the aeul itself in 
the one case, and of the water iii combination w'ltli the acid in the 
oilier The acid acts witli most adxaulage in the lir>t mode when 
concentrated, and in tlie second wlien considerahly diluted 
Tlie presence of sulphuric acid in ahepudmay always be diseoveied 
by means of chloiide ol barium,^ w hit li pioduces with tins nenl a white 
imciintate of sulphate ot baryta, insoluble in both acids and alk.ilii's 
Siiljihaic', — Of no elass ol salts do clieinists jiossess a more mi- 
nute knowledge than of tlie suliiliates Tlic' siilfdiates of zine, mag- 
nesia^ null othei members of the inagnc'sian t.iimly, corrcsjiond closely 
With the hydrate of sulphunc .icid Thus of the sevem cq of water 
which the crystalli/.ed sulidiatc of magnesia possesses, it retains one at 
and is then analogous to the sulphate of water ol sp gr 178, 
the formula of these two salts being. 


MgO SO^-flTO, 

IK) SOjH-lIO, 

and the cq of water in both saljs may he replaced by sulphate' of 
potash, when the sulphate of water forms the salt called the hisiilph.dc' 
of potash, and the sulphate of magnesia forms the double sulpli.itc of 
niagnesia and potash, of wdiich tlie formula; also correspond — 

HOSO,-pKO SO, 

MgO SOj-hKO. SO, 
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In all those sulphates there is one eq of acid to one of base ; but 
with potash, sul]ihunc acid is supposed to form a second salt, m 
which two of acid are <‘oinbiiied with one of base JCO + 2S(l^ and 
which 13 said to have lately been obtained in a crystallized state by 
M Jacqiiehn * This would be a true bisulfihatc, and would corie. 
spond to the icd chroin.itc or bichiomate of potash KO-t-2CrO^, but 
my own observations have obliged me to call iii cpiestion the cxistciicr 
of tins aiihydious bisiiljdiatc (Mini Chcin, Soc , i 120) 

— Sulphuric acid is employed to a huge extent m (Iniiiiiatiiur 
nitric acid from inlr.ile of |iotash, and in the piejiiii.ilioii of bydio- 
cliloric and and cbloimefrom cldonde ol sodium, and also in tin 
pro(e''ses of lileacbiiig Hut llie gieat eonsiimjitioii of tins ncid is m 
the form.itioii of snlpbates, paitieidaily of sulphate of soda, neaily .dl 
the earhonate ol soda ol commeice being at picsent jiiocured by <li(> 
decomposition of that salt 


ClILOIlOSULl'llLRIC ACID 

Kq (i7 5 M4f$ 75 , SO 2 CI , 4052 [ | | 

iSidplnirous acid gas eomhmcs witli an equal volume of eliloniu’ 
imdci the iiilliieiice of light, and rondeiisi's into oily drops, wbu li 
aie densei Ilian \\<ilci (lleguault, Aiiiufies de tlhun l\ix 170, andlwi 
445) Cldoiosuljiluiric acid III dissolving decomposes 1 cq of wafci, 
and IS coiiveiled into livdroehloiic acid and siilphiiiie and, — a nat- 
lioii wlncli deiiioiislr.itcs the original compound to consist of 1 cij ol 
siilphuious and with I eq ol chlorine 

The density of the vapour of chlorosulphuric acid was foniul b\ 
expciimcnt to be 4703, which .igrees with the theorclieal density, 
1052 Tt consists of 2 volumes of sulpliurous acid and 2 lohniies 
ol chloniie coiuleiiecd into 2 volumes, winch form tlic corabiimig 
mcasuic of the vapour Tn its coridcjisiitioii, it icscmbles the vapour 
of anhydrous sulphuric acid Tins body also corresponds exactly nl 
lomposition with the coiiqioinid bjtlicrto called ( Idorochroinic acid , 
CrOaCfj chromium being substituted in the latter for the sulphur of 
tlic former ^ ^ 

it]i dry ammoniactd gas, ( hlorosulphunc acid forme a while 
pow'der, which is a mixture of the hydrochloratc oi ammonia (sal 


• Amiaks ik Clum ct de Phyg , Ixi 31 1 
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ammoniac) and mlphamtde, SOj + NIT^ It docs not combine, as 
an acid, with bases 

Chlorosulpliunc acid may also be reprcsriited as a compoiind ol 
■sulphunc acid with a tcichlondo ot siilplmi, 3 St)j + S 0 l, Auollici 
(’oiiipound of the same senes has been foiitied l)y 11 lioM’, wliitli i^- 
lepiesented by 5SO3 + SCI3 


NirRO&ULVIlUllIC ACTl) 

Eq 02 775, SXO^w; SO^ , not ,sfdnhl< 

iSir 11 Davy made the ohscivatuni tliat biiio\ide of ndiogeii i'- 
.iliMiibcd b^ a mixture of sulphite ol soda .ind caustic soda, and tlud 
.1 comiioiind is jiroduced, of which the ]miuip.il diaiai teiistic is to 
disengage abuiidancc of protoMdc of mtiogen, upon I In' addition ol 
111 acid to it lie com hided lhal I lie nil 10ns o\nlt, wlneli tlieii 
I scapes, was pieviousl} united with soda, .mil ga\e tins as an msfiince 
of the combination ol that neiitial oxide with an alkali As the 
'uljilule ot so*dca became at the same time snlphati', the eonveision ol 
tlic nitric oxide into nitrous oxide np^ieauMl to be explained It w.is 
.ilterwiirds sliowii by Velonze that a new acid is lorined in the 
{ ircumstanccs of the experinifiit, to which he h.is given the name 
iiitiosulpluine, and which m<iy be considired as .t, eonipound of sid- 
phuroiis acid and nitiic oxide,, 01 aiiothei inembei of tlie sul[ihiirous 
rii id senes + 

Pu'patalKnt — If a inixtuie be made o\ei meuuiy of 2 volumes 
ot siilpliuions .leid, and 1- volumes of biiioxide of mliogeii, vvhieli aie 
(oinbiiiing measuies of these gases, no flunige occiiis, but on 
throwing up a strong solution of caust c potasli into the' gases, they 
disappear entirely after some hours, combining with <i single equiva- 
lent ot potash, and foiniiiig together the mtrosulphate of potash 
Jhit it IS better to prepare tlie nitr<)Mil])hate of ainmonia A concen- 
trated sohitnni is made of sulphite of .imnionia, wliicli is mixed with 
live or six times its volume of solution of animoni.i, and into this 
hiiioxidc of nitrogen is ji.issed for several Iioivrs at alow lemperatuie 
A number of beautiful cr3stals .fte gr.idn.dly deposited , they ari' to 
1^ washed with a solution of aiiynoiii.i, jireviously tooled, wliuli, 

* Peloi#c, lu Tiylor’s Scienlifie Mcmoiia, vol 1 p 470, or Annnlcs dc rinm ct do 
Plivs li 151, 
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besides the advantage of retarding their decomposition, oflers that of 
dissolving less of tliem than pme water When the crystals am 
desiccated, they should be introduced into a well-closed bottle ; ni 
this state they undergo no tiltcratiori The same process is applicable 
to the eorresjiouding salts of pohisli and sodil When a strong acid 
IS added to a solution of these s.Jts, for tlic purpose of liberating flic 
nitrosiilpliurie acid, the latter, on being set free, rlccomposes spon- 
taneously into suljiliune acid aud protoxide of lutrogcn, which comes 
off with clh ivcscctice 

Piopcitu‘<t — The acid of the nitrosnlphatcs is not precipitated by 
baiylci Tlic niliosiilphatc of potash, ivlicu heated, becomes snl- 
jdnte, and eiolvcs mtrie o\idc, but the calts of soda aud aininonia 
become sulphales, and evolve iiitroii*- oxitlc. No nitrosulphates of 
the metallic OMdes, yihicli arc insoluble m water, have been formeil, 
or appear capable of existing , for when such salts as chloiide of 
mcrcuiy, sulphate of zinc or of copper, sulphate ot scs(|iiioMde 
of iron and lutiatc of silver, arc added to the nitrosulphate of 
aminoina, they produce a brisk effervescence of nitrous oxide, with 
the forimilioii of sulplmtc of aimnouia, or they dccorappse the intro- 
sulphate of ammonia us ficc acids do Indeed, tl*c only nitiOMil- 
phates mIikU have been formed aie those of potash, soda, and 
ammonia These are neutral, and have a slurp and slightly bittei 
taste, with nothing of that of the sulphites 

These salts iival the binovidc of hydrogen m facility of decompo- 
sition The nitrosulphate of ninmoma resists 230°, but is decom- 
po-^ed with explosion a fiw degrees above that temperature, caused 
by the rajiid disengagement of nitrons oxide Solutions of the mtio- 
sulphatcs aic not st<ible above the freezing point, but then stability is 
much increased by an excess of alkali. They are icsolvcd into sul- 
phate and nitrous oxide, by the mcic contact of certain substanci's 
which do not themselves undergo any change , such as spongy phiti- 
imm, silver and its oxide, chaicoal powder and hinoxide of manga- 
nese, by acids, oven carbonic acids, and by metallic salts. 

Aioio-^uli}hmw aiulof T>c la Vioiostaye, SjNOg —Liquid sul- 
phurous acid and peroxide of nitrogen, sc.iled up together m a glass 
tube, leact upon each other, and give nse to a solid compound ciystal- 
lizing in rectangular square pnsins, which has been examined by 
M. do la Provostaye A small portion of a blue liquid, possessing sifi 
explosive property, which has not been fully examined, is fqirmcd at 
the same time. This substance forms the crystals of the leaden 
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chamber.” It may also be produced, aceordiug to Gay-Lussivc, by 
bringing peroxide of nitrogen and oil of vitriol m contact — 

2NO4 and 2 (IIO SO,) = HO NO5 + IIO and S^fOg 

I 

This substance fuses at about 4 10°, and forms a silky mass on 
cooling , it may be distilled without decomposition at about G20° 
It IS dccoinjiosed by water, sulphuric ruid being foimcd, and iiitious 
vapours diseiigagcd It has been rojiieseiited as composed ol 
iSOg + NOj, 01 as 2SO, + NO„ or SgO^ + JS'O,, but nothing ceitain 
IS kiioivii of ils molecular aiTangeiiiciit 

Diy biiioxidc of nitrogen is absoibed by .iiihjdious sulpIiiiiiL acid, 
,i( cording to an obseivatioii of 11 Hose 


UYPOsur.Piiuiiic Acni 
Elf 'lint DUO, SjO^ , imt isnhihh' 

Ptcpaiattoit — This acid ot siilpluu was diseoveicdby Gay-ljiissac 
.iiul Welter, ill 1^19 To prepaic it, a (piantity ol biiu)\uh‘ ot man- 
ganese, which must not be hydrated, is leducc'd to an extremely (me 
powder, suspended by agitation 111 water, and sulpbiiroiis aeul gas is 
transmitted llirougb the water "Wheu ordinaiy binovule of manga- 
nese is used, it should be previously treated with iiitiic acid, to dis- 
solve out the liydnited oxide, and washed The tcmper.ituic is apt 
to rise during the absorption of the gas, but niusl be lepicsscd, 
olheniisc much sulpliuiic <icid is p>-odiiccil, — the formation ot winch, 
indeed, it is imjiossiblc to jn event entirely, Imt of winch the quantity 
Is said I 0 be 1 educed almost to nothing, when the li([uid is kept cold 
duiing tlie operation 'lln* hinoxide of manganese disajipears, 
nnd a solution of hyposulpliatc of Ihc protoxide ol maiigaiu-si' is 
foiniedj 2 equivalents of sulphurous acid, and 1 ol bmoxide of 
manganese, forming one of liyposulpliuric acid and one of protoxide 
Ol iiianganesc^or 

‘ 2 SO 2 and Mn 02 =Mu 0 -|-S ^05 

The solution is filtered, and then Inixcd with a solution of sulphide 
o£4).vnum, wliieli occasions the prcciiutation of the msokihle &ijl[)lnde 
ot manganese, with the liiuisfercucc of the liyposuljihunc .icid to 
baryta J'rom this hyposulpliatc of baryta, the hyjiosulpliatos ol 
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other metallic oxides may be prepared by adding their sulphates to 
that salt, when the insoluble sulphate of baryta will precipitate, and 
the hyposulphatc of the metallic oxide added remain m solution 
But to procure the hyposulphunc acid itself, the solution of hypo- 
sulphate of baiyta may be evaporated to dryness, and, being iierfectly 
pure, it IS reduced to a fine powdei, weighed, and dissolved in water 
for 100 parts of it 18 78 p.irts of oil of vitriol are taken, which, after 
dilution with three or four times as much water, arc emjiloyed to dccoiii- 
])ose this salt of baryta The liberated hyposulphunc acid solu- 
tion IS filtered, ami cvajiora+ed t» rat no over sulphuric acid, till 
It attmiis <i density of 1 347, which must not be exceeded, as ( lu 
acid solution hegms then to decompose spontaneously into sulpini- 
loiis acid, which csc,ipes, and sulphunc acid, which remains m (lie 
iiijuid 

Pioju'itioR — Tins arid has not been obtained m the .uihjdums 
comlitioii Its aipieous solution has no great btal)ility,heiiigde(otn- 
posed at its temperature of ehiillitioii The same solution expo-'ul 
to air in tlu! cold, slowly absorbs oxygen, according to ITccren, and 
becomes sulphunc acid But iicilhci mine acid, nor, chlonnc, noi 
bmoxidc of manganese, oxidiijc this acid unless they arc boiled in 
its solution Its salts are peifecfly stable, cither when in solution 
or when diy, and aic generally very soluble, having some analogy (o 
the nitrates A hyposulphite, when healed to redness, leavi's i 
ncutial sulplhile, <iiul allows a (|uautity of sulplmious acid to e^capi, 
which would be snfTiciciit (o form a neutral siilplnte with the hiM 
of llie siilidiate Tins class of salts was particularly examined by 
llccrcii* llvjinsulphniic acid is imagmcd to exist in acid coin- 
pounds pioduccd by the action of sulphunc acid on several org.niic 
substances. 

The hyposulphatc of baryta may be analysed by exposing .i 
]joi'tioii of it to a red heat, when it gives off sulphurous acid, and 
leaves ])ure sulpli.ite of baryta behind. If an equal portion la 
tirated with boiling concentrated nitric acid, the sulphurous acid i" 
coiiveitcd mio sulphunc acid, and if chloride of bfiriiim is .iftcr- 
w'auls added, .i quantity ol sulphate of baryta is obtained which i*- 
(. iactly double m weight that uhiauicd from the first portion 


n 
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infPOSULPHUllOUS ACID 

Eq. 48 or 600, SjOg, oi SOg + S, not isoldble 
\ 

The hyposulphites ai'c better known than liyposulphurous acid 
itself, which IS a body of little stability, quickly undergoing decom- 
position when liberated by a, stronger acid from a solution of any 
of its salts, and resolving itself into sulphurous acid, hydrosul- 
jdiunc acid, and sulphur These salts, long considered as a species of 
double salts, and called 'tulphni etird were first sujiposed 

to contain a peculiar acid by Dr T Tliomson and by Gay-Lussac, — 
a conjecture afterwards verified by Sir John Ilorschcl, whose early 
reijcarches upon this acid foim the subject of .in inteiosting memoir * 

Pn^mration — Sulphite of soda is prepaitd, in tlic first inst.iine, 
by saturating a solution of carbonate of soda wifli ‘.ulphiiions .lud 
gas, by the apparatus desenbed at page tOO Tins suljdnic', (aie 
be ng taken that it is not acid, is coimated into hjposulphite, by 
digcstmg it upon flowcis of sulphur at a higli tcmpiiatnie, buf 
without ebullition Tlie sulplmrous acid assumes 1 e([ of sul[)hui, 
•vnd remains in combination with the soda , oi, iii sjmbols — 

. NaO + SOg ,xnd S = Nat ) + SO, S 

I 

^lic solution may afterwaids hccvajioiatcd (i biillitioii being .dw.iys 
iixoided, !is tin* lijpoMiljihites ^re paitially deroiuposcd <it .ind 

tlloids Luge cijstalb of tlic hjposulplntc of soda W hen solution 
it tanstic soda is digested upon sulphur, the Litter is likeuisi* dis- 
‘olvid, and a uuxtiiio ot 1 rq ol hipoMilplnte ol sod<i W’lth 2 eq of 
s [J pilule of sodium result'^, of winch tJie last always dissolves an 
L\.‘C3s of sulphur — 

UNaO and 4S = Na0-f-S202 .md 2NaS 

Lxposed to the au, this solution slowdy •ib'.orbs oxygen, and if it 
contains a cpftaui excess of sulphur, passes entirely into liyjiosulphite 
of soda 

T’'ic Uyiiosulphite of brae is also foimcd digesting together 1 
])ait of sulphur and 3 of hydisitc of lime at a high tcmpciatuie, 
when changes of the same nature occui as with sulphur .md c.iiislir 
wda, and the solution becomes red, containing bisulphide of cal 


LdukbuigK Pliilui>t>])Uu.dt Joiuruul, \ui i. pp S auil J'Jb 
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cium a stream of sulpliiirous at^id gas is conducted through Ihi, 
solution after it has cooledj and converts the whole* salt into hvpo- 
sulpliitc, occasioning at the same time a. cotiMdomblo deposition ol 
sulphur The reaction heie imiy be c\j)ressed by the follow mg 
formula — 

aCaS, and 3SO2=3OaO + 2S202 and 3S 

If the waste-limc, ni the ikjious state in which it is removed from 
the dry-lurie purifiers of a gas-work, be exposed to air, it rapidlv 
absorbs oxygen, and, when ticated with water, afterwards gives 
much soluble liyposulpliitc of lime lliis is an economical method 
of jncparing the salt on a laige scale (Mem Chein Soc n 35S) 

Zinc and iron also dissolve in the bolntion of sulphuious and in 
wMtci, with little or no cUcivescence, deriving the oxYo‘ii‘ neccss,u\ 
to convert them into oxides, not from watei, but iiomthc snlphuious 
acid, two-fhiids of whuh aic Ihi'ieby converted into hyposulphnioiis 
aud, which comlmies with Inilf of the oxide piodiiced, while tin 
other thud, rcuiaimiig as sulphuious acid, unites with the othei moii.ti 
of the same oxidi* — 

3 SO 2 and 2Zri=ZnO SgOj ami ZiiO SOj 

The liyposulphite obtained by tins iwoccss i®, therefore, mixed with .1 
sulphite 

PtojiL’i ties . — The acid of these salts undergoes decomposition 
when they arc strongly licatcd, or treated witli an acid It loniis 
soluble salts witli lime and strontia, in which respect it differs fioiii 
sulplnu-ous and sulphuric acids, tlic hyposulphite of baiyLi is 
insoluble. It iilso forms a remaikable salt with silver, which has no 
metallic flavour, but tastes cxtiemcly sweet The existence ol a 
hyposulpliite 111 a solution is casdy recognised, by its possessing the 
power to dissolve freshly jirecipitated chloride ol silvci, aud bi’coinc 
sweet Hyposulphite of soda m solution is apt to become acid hi 
ihe absorption of oxygen, and then its conversion into sulphate ol 
soda, with deposition of aulphur,.procecds rapidly. *" 

Uses — The hyposulphite of soda is employed to distiiigmslt* 
between the earths strohtia and baryta, — the latter of winch it precipi- 
tates, aiid not the former It is also applied, in certain ciicutu- 
stanccs, to dissolve the insoluble ialts of silver in pliotogiapliy, lIccIiO- 
plating, and the treatment of silver ores 
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POLYTHIONIC SERIES 

Three new aeids of sulphur have lately been discovciech all con- 
faiiiiiig, like hyposulphurjc acid, 5 cq of oxygen, but evidently inoic 
related in constitution and properties to hyposulpliurous acid They 
were named by Berzehus, from Oeioy (sulphur), and are composed as 
follows — 

Tnthionic, or mono-sul-hyposulphunc acid S/lg, of S^Og + S 

Tetiathionic, or hisul-hyposulphuiic acid S4O5, 0 / SgOg + ZS 

Peutathionic, or tnaul-hyposulphunc acid SgOg, 0 / S2O5 + 3S 

Ilyposulphurous acid becomes the dithionons, and hyqiosiil- 
jjhimc dcid the dithionic acid, as members of the same senes , .dl 
ol winch, it will be observed, contaiii more than I ecjuivalciit of 
sul[ihur, and arc tlieiefore polythionic but the old names of the 
(no acids Iasi referred to arc too firmly established to be changed, 
willu'ut a greater necessity for the alteration than appears to exist 

Tnthiouic ox *Monosul-}ii/i>o^tiljihnnr acid, cc| 88 o> 1100, 
S/)s or SgOj + S — This K( id was first obtained by M Laiiglois 
(Amiales do Chini. d sci iv 77). It is the result of the actum of 
sulphur upon the soluble bisulphite'', and may be picpared fiom Llic 
hisulplute ot baryta This salt is digested with lloweis of sul])liur 
at a teuiperatuie not c'\eccdiug^2^° (50° C ) for several days, the 
solution fust becomes yellow, aftcrw.iids loses all colour, and wlieii 
allowed to cool in this state, deposits a salt m long wlutc silky 
(.rjsials, which is the trilluonate of baryta. By the cautious addi- 
tion of sulphuric acid to a solution of the new salt, the tntlnoiiic 
acicl may be liberated and obtained in solution, wliile the insoluble 
sulphate of baryta piecipitates 'llic acid solution may be eoncen- 
Iratcd 111 the vacuous receiver of an air-pumj), but is lapnlly decom- 
posed by heat into sulphurous acid and sulphur. The salt oi potash 
IS i isily obtained, eithei, according to Pless/s method, by passing 
sulphurous acid into a solution of hyposulphite of potash , or, accord- 
ing to Langlois, into one of sulphide of potassium in the latter case 
hyposulphite of potash is lust foimfcd, and from that the trithionate 
(Kessner, Cliem. Gaz vi p a 09.) TJie salts of tins acid appear 
to have greater stability than the hyjiosulplutes, and arc formed 
when certain hyposulphites, such as those of zme, cailimurn, and 
kad, arc left to spontaneous decomiiosition , or even, according to 

S E 
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Pordos and Gclis, by the sole ('fled of the conccTitration of solutions 
of these salts Tlus .icid is ])rccijnt.itcd black by the salts of tlm 
suboxide of merrury, a piopcrty iiliuli distiiiguislich the Inthiomo 
acid from the two more highly sulphured acids of tlic same &( ric-s, 
which arc precipitated jillow by the icagont in (picstiou 

Ti‘t»athio)iic 01 Jjisiii-hi/jiosnljihuni utul , e(| 104 qi L300, 
S 4 O 5 S 2 O 5 + S 2 — 'J1ns acid was (liacoveied by MM l^ordos and 
Gelis, and is obtiuiicd bj dissolving iodine in a solution ol tlie Inpo- 
sulphitcs, particularly ot tlie hyposulphite of baryta The rc-achon 
in the last case is as lolloii s — 

2 (llaO S 2 O 2 ) and I = Bal and BaO S^Og 

The new salt, being less soluble than the iodide of hanum, is 
rated by erj stcdhzation, and aflbids the acid when docomjiosid hv a 
suitable propoilion of sulphiiiic acid TIu solution of tdiathioiiK' 
acid has coiisulorahle slabihly, and ina\ be highly concentrated 'I'lio 
process just desenbed is modified by Kessner, who pu'jiaies first the 
hjposnlphito ot lead by dissolving 2 parts of hyposulpliitc oi soda 
HI liot w atcr, and jiouriiig thu solution into an equally liol. dduti' 
solution of 3 parts of acetate of lead fllic piccipitatc is wnslud 
W'lth a large (|uantity of waini w. iter, and mixed (stiJl moist) willi 
1 part of iodine, and the mass freipieutly stnred, in the eonise ol ,1 
few days the whole is coiiveited into iodide of lead and a solution ot 
tetratliionate of lead The lead is ,iio\v lemoved by sulpluint ,i(ul 
(the use of hj drosulphui ic acid being inadinifasible), any excess of 
the latter by earbonate ol baryta, and the solution of the tctrathioiiK 
aeid evaporated M'hen this acid is saturated w’lth carbonate ol 
soda, or its salt of lead decomposed by sulpli.itc of soda, only pio- 
diicts of decomposition are obtained, — siilpliur, sulphate, and Iniio- 
sulplnte ot soda (Gliem G.i/. vi , p .‘$70) The s.ilts ol tins 
add, tlu'reiore, iccjuue to he prejiareil directly, and appe.ir gcncr.ilh 
to be less stable than the hyclratc'd aeid 

Pentathio/nc ci Ti i'<uJ-hi/potiiJj}Jiui ir and , ^120cy]o00; 
Sr,Og cyy S 20 g 4 — Seveial jeais .igo Dr T Thomson obsened 
that w'hcn hydiosulphunc and sulphuious acids mutually decoinjx'M' 
cacli other 111 jirescuce of water, 'lihr magma of sulphur precijnlatcd 
is impicgiiatcd h^ a peculiar^ acid M Wackeuroder lately lound 
that this acid is au additional number of the present senes. To jirc- 
pare the acid, Wackeuroder supersaturates watei with ‘sulphui oiis 
and, and then causes hydrosulphunc acid to stream through it till 
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the hquifi has the odour and reactions of the lattei, ('vaporating 
aflenvards till the excess of hydrosuljiliunc acid is expelled Tlie 
liquid docs not become clear till after clean slips of eopjier aie left in 
it for some tune, to remove the suspeiulod sulphur copper reduced 
fioni the oxide by hydrogen would probably act more rapidly The 
addition of chloride of sodium, or saturation with a base, such as an 
alhalinc carbonate, also fiicilitatcs the prcf ipitation of the sulphur 
Til the opinion of Mr. L. Thompson, mucli of tins sulphur, whicli is 
>.u]»pohed to be susjicudcd, is jctu.dly in solution 

The clear acid liquid may be concentrated till it atl.iins a density 
of 1 37, it IS inodorous, sour, and a little billei It may be pre- 
scivcd at the temperature of the air, xiitbont change, but uhen 
made to boil it undergoes dccoirtposilioii, giving oil b} drosiilpbui ic 
acid, followed by sulphurous acid, and leaving bcliiiid oidinaiy sul- 
jihuiic acid and some sulphur This acid is decomposed, like the 
I ist, by strong b iscs 

Peutathiouu ai id was also fouiul by Foiclos and Clchs among the 
pioJucts of the decomposition of Ibe ehloiules of sulpimr by wider 
'ITic peiitatluoiiatc ot baiyta is very soluble, and is easily allerod It 
a as analysed by’ means of cliloimo and the bjpocliloiitcs, mIucIi 
tiaiisform the whole sulpluu into sulphuiu* and 

S 5 O 5 and 10 Cl and 10 TIO = 5 SO^ and ID JICl 

The pentathionic acid is distinguished from hyposiiljihuious acid, 
aith wliieh it is isorncric, by tllb less solubility ol the pciilalliion.ili s, 
< 111(1 b) the circuinslancc that the peiilalliionatcs have no aclion upon 
iodine (Annalcs do Cli 3 sei xxii 60) 'I'lic sulj)bui was siqiposed 
h\ Rii/elms to exist 111 the v.nioiis pnlythioinc acids, 111 its ddlerent 
allatropie conditions 


SUl.CllMl AND IIYDIIOOI'V 

IIYDIIOSULPHUIITC ARID 

Snlphto etted hydrogen ya<i, snl/hy d)n a nd, Eq 17 ot 
21 2 5 , SII , demitq li»l 2 , | | | 


Sulphur docs not combine directly uith hydrogen even when heated 
m that gas, but with that element, notwitlistaiulmg, siiljibni forms at 
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least two compounds, one of which, hydrosniphunc acid, is a reagent 
of frequent application and considerable importance 

Picpaialwn — (1 ) Of those metals nliicli dissolve in dilute siil- 
plume acid, with the displacement ot hydrogen, the protosulplndrs 
dissolve also in the same acid, hut the hydrogen then evolved caiiu's 
off snljiliui m combination, and appears as liydro-sulpliiinc and 
gas The proto'^ulpliidi' of iron, which is commonly employed in lltis 
operation, is obtained by depnving yellow pyrites, oi bisnlpliide oi 
iron, of a poidion ol its sulphur by ignition in a covered eriuthlo, 
or formed directly by exjiosnig to alow red heat a im\turc of 4 jinifs 
of coarse sulphur and 7 of iron fihngs or borings in a covered stonc- 
uare or cast iron crncihle The sulphide of non, thus obtained, !■, 
broken into lumps, and acted upon by diluted sulphuric acid iti a 
gas-bottle (fig l‘i2), e\<ictly as vine is treated in the prepaiatioii of 
132 hydrogen gas Hydrosniphunc .ind 

IS evolved without the application ot 
heat, and should be collected ovrr 
ualei at 80° oi 00°, or if collected in 
gasometer or gasholjler, the Littei 
w may he Idled with bn no, m wlucli tins 

{ \ gas IS less ■soluble than m pure \i ater 

The gas obtained by this piocess geiie- 
r4il]y contains free h>diogeii, iinsiiiif 
from an intermixture of metallic neii 
with tire sulphide of iron used Hii 
gas may also be evolved fiom the act ion 
of hjdroclilonc acid upon tlie ■^ulplndo of iron, but as it is then nii- 
jiregiiatcd with the vajiour of the latter aeiil, and may also, like e\ciy 
gas prodmed with etiervcseciice, csiry over diops of fluid, it should 
always be transmitted through water lu a wash-bottle, before being 
applied to any purpose as pure gas The reaction by which hydro 
sulphuric <icid is usually evolved is expressed m the following equa 
tion — 



FeS .Old HO.SO,=ITS and FcO SO, 


(3 ) Itydrosiilphurtc acid, without any admixture of free hydio- 
gen. It. obtained by digesting in a ffask A, used as a retort (fig 
with a gentle heat, sulphide of •antimony m hue powder with coucca- 
trated hydroclilonc acid, in the proportion of 1 ounce of the foi iiier 
to 4 ounce measures of the latter The gas of tlus operation is 
passed through water m a w ash-bottle B, and collected ovei wjlii 
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at S0°, in a bottle Q, provided with d good coik Or, .litci passing 
Ih’ongli the wash-bottlo, it may be earned over cldorido ot cakmm 
111 a drying tube, and colhctid over inernuy, but is giadnally de- 
compiiscd by tliat metal, wbieh has a strong aflinity foi sulphur, and 
hydrogen is bbctaled, without any thange of volmne 'I'lic ri.ietiou 
between hydrocliloiic acid and sulphide of antimony m.iy be thus 
cvjiresbed 

3H Cl and Sb g, = 3IIS and Sb Cl, 

Vropn ties , — irydrosulphuric acid ib a colouiIu'S gas, of a strong 
and very nauseous odoui Tls density is 1J91 2, by the evpeii- 
iTients ol Gay-Lubbac .iiid Thuiard, and its theoiclical sjiee gr.iv 17 
tunes that of hydiogen Tt consists of 2 voluincb of liydiogen 
and 1 volume of sul|)liur vapour, condensed into 2 volumes, winch 
lonn its combining measure llydro-’uliihuiic acid is partially de- 
composed by heat into hydrogen and sulphiu , but to obtain comjilete 
decomposition it is necessary to pass the g.is ii great many times 
thioiigh a jioftelam tube placed aciobs a luiiiacc, and strongly heated 
J3y a pressure of 17 atmospheres at 50°, it is condensed into a Ingbly 
hmpid colouiless b(|uid, of sp gr 0 9, wlndi of peculiar mterest as 
the analogue of water in the sulplftir senes of compounds the solvent 
irowers of this iK^uid have not been examined "When cooled to — 1 22°, 
d solidifies, and is then a white crystalline translucent substance, 
heavier than the Iiqmd (Ifaraday) The air of a cliambcr slightly 
impregnated by Ibis gas may be respired without injury, but a small 
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quantity of the undiluted gaa inspired occasions syncope, and its 
respiration, in a very moderate proportion, was found by Thenard <o 
prove fatal, — birds penshing in air containing 1-1 500tli, and a do^ 
in air contaiiiing l-8t)0tli part of this gas Its poisonous cflects are 
best counteracted by a slight mlialation of chlonne gas, as the 
latter may be obtained from a little chloride of lime placed in the fokb 
of a towel wetted with acetic acid Water dissolves, at 64°, 2 1- vo 
lumes of this gas, and alcohol 6 volumes These solutions soon 
become milky wlieii exposed to air, the oxygen of winch combines 
with tlie hydrogen of the gas and precipitates the sulphur Those 
mineral waters termed sulphureous, such as Ilarrowgate, contain tins 
gas, altliougli rarely in a proportion exceeding 1^ per cent of tlinr i o- 
luine They arc easily rccogiii/cd by their odour and by bhickciiiiig m1- 
ver It is also found in foul sewers and in putrid eggs 01 deodouri/ing 
fluids tlic solution of nitrate of lead, clilonde of zinc, sulphate of iron, 
and sulphate of manganese, appear lobe equ<dly efRcacious , Iht In ‘•I 
alone dccomjiosmg the free gas, but that salt, and all the others iianicd, 
dccomposiiigh)drosulphiuic acid when iii coinbiiiritiou witli auunoina, 
the form in which it usually cinauatcs fi oin putrelactivc matter 
Ilydrosulphuric acid is highly combustible, and'onrns with a pale 
blue flame, producing w ater and sulphurous acid, and generally a de- 
posit of sulphur when oxygen is not present in excess A little 
strong mine acid tluown into a bottle of this gis occasions the im- 
mediate oxid.ition of its hjdrogcn, and often a slight explosion villi 
flame, when the escajic of the vapour is impeded by closing the 
mouth of the bottle lljdrosulphunc <Md is immediately dctoiu- 
posed by cliloimc, bioiiutie, and iodine, wluch assume its lijdiogdi 
hence the odour of this gas iii a room is soon destroyed on diilubiin' 
a little chlorine through it Tin, and many other metals, lie.ited 
111 this gas, combine with its snlpliur with flame, and libeiatc .m 
equal volume of hjdrogeii, aflording read} means of demonstitit- 
ing the composition of the gas Pola^ium decomposes one half 
ot the gas in tli.it manner, and becomes siJphide of potassium, 
wluch unites with the other lialf without decouipoLition, fonmiig 
the hydiosulplmtc ot the sulphide of potassium The action ol olla/ 
rlkalme metals upon hydrosulphunc acid is similar 

Tlii“ compound has a weak acW reaction, and forms one of tliu 
hydrogcn-acids. It does not« combine and form salts with basic 
oxides, but it unites with basic sulphides, sudi as sulphide of pota*-- 
sium, and forms coin])ounds wliicli arc strictly comparable vith 
hydrated oxides. When hydiosulphunc acid is passed over Iniic nt 
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A red heat, both compounds are decomposed, and water with sulphide 
of Ccilcium IS formed Tlie oxides of nearly all the metallic salt<<, 
flhetlier dry or m a state of solution, arc decomposed by hyclrosnl- 
pliinic acid in a similar manner, but m (he salts of those metals of 
aliith the piotosulphide is dissolved by acids, such as salts of non, 
awe, dod mangiinese, a sm.ill cpiaiitity of a strong acid entirely pre- 
\ciits precipitation. The sulphides arc generally coloured, and many 
ol them arc black , hence the cficct of hjdrosulpliiinc acid in 
hlackcnrag salts of lead and silvei, which rcudeis these coinpouncls so 
sciisilivo as tests of the presence of that subslance ll^diosnljilinric 
acid iJso tannslics certain metals, such as gold, silvci, and biass, so 
that utensils of which these met,ds are the basis should not be exposed 
to this gas. 

Ttisulphidc of hydiof/en, IISj — ^When carbonate of potash is fused 
intli half its weight of sulphur, a persulphide of ]>olassium is torined 
coutainnig a large excess of snlphui, nliich atloids a solution in watci 
ot an orange icd colour The piolo'ulplude of potassium, with hy- 
drochloric aeid, gives liydrosulpliui 1C .icul ami chloride ot potassium, 
II Cl and KS = TIS and K Cl But when the red solution ot jicr- 
*5idpludo of jiotcfesium is poured iii a small '•tic am into liydiochlonc 
.icnl, diluted with two oi tliiee voliiiins of w.itei, wJiilc chloride of 
potassium is formed as before, the h>drosulphuiic acid produced 
( ombinos with auothci e(|Uiv.i,lent of sulplini, and forms a yellowish 
oily lluid, the bisulphide of hydrogen, winch Idls to the bottom of 
the acid lupnd Supposing the jicrsulphulc ot potassium to bea])ure 
hisulphich’, then II Cl and KS^ = IlS^ and lx (Jl The result of the 
toinbmatioii m this case appears rather capiieious, foi it the acid 
and persulphide of potassium he mixed in the otlici w.iy, — if tlic'aeid 
be added drop by diop to the alkaline sulphide, — then hydiosnlphuric 
acid IS evolved, the whole excess of sulphur piecipitates, .mil no per- 
sulphide of hydrogen is formed The oily tiuid piodiiccd by the fust 
mode of mixing has considerable analogy in its piopcitics to the bni- 
oxide of hydrogen, and appc,irs, like that compound, to have a certain 
uegrec of stability imparted to it by conhict with acids, such as pretty 
strong liydrocliloi 1C acid, while the presence of .dkalmc bodies, on 
the contrary, give its elements a tendency to separate This decom- 
position has been taken advantage of to obtain luiiud hydrosulpliuiic 
acid, by sealing up bi&uljdiidc of^ hydrogen in a Baiaday Lube 
(page 69) 

Themird has observed other points of analogy between these com- 
pounds Talcp. binoxidc of hydrogen, the bisulplndo produces a 
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white spot upon the skin, and destroys vegetable colours, so that it 
has actually been used in bleaching The Utter compound is aUi 
resolved into hydrosulphurie acid and sulphur by all the bodies which 
efl'ect the transformation of the former into water and oxygen , such 
as charcoal powder, platinum, indium, gold,' biiioxidc of manganese, 
and the oxides of gold and silver, which last, w'hcn the bisulphide is 
dropt upon them, arc decomposed m an instant, and even with ignition 
The bisuljihide of hydrogen undergoes spontaneously tlie same decom- 
position, even ill wi’ll-closcd bottles, winch are apt, on that .iccomit, 
to be broken It is soluble in ether, but the solution soon deposits 
crystals of sulphur Tlienard finds this body not to be uniform in its 
composition, tlic proportion of sulphur often exceeding consideialily 
2 cq to 1 of liydrogon , but the excess of sulphur is possibly only in 
solution (Aiiiulcs de Cli 2 ser xlvm 79) 

SULPHUR AND NITROGEN 

SuJpIude of , cq (>2 o) 775 , N 8^ — This Is a y( Him 

pidverulent solid substance of small stability, and which cannot be 
foinicd by the direct union of its elements The ‘liquid Incliloiidi 
of sulphur absoibs nmmoiiiacal gas, producing first a llocculcnt 
brown matter Nil , SCIj, and afterwards, if the action of ammoina 
is continued, a yellow substance, of which the formula is — 

2NIljSCl2 

Thrown into water tins yellow matter ^undergoes decomposition, 
producing hydrochlorate and hyposulphite of ammoina, winch dis- 
solve, and a jcUow powdu, wlucli is a nuxturt of sulpliui and the 
sulpliidc of intiogcn This powder is quickly washed with a liKh 
water, dned under the receiver of an air-pump, and finally washed 
several tunes with ether, which dissolves out the free sulphur, and 
leaves the sulphide of nitrogen 

ihc sulphide of nitrogen is a yellow powder, which, a little abo\c 
212 , IS decomposed in a gradual inaiintr into sulphur tjiud lutrogciij 
but when sharply heated, violently and with explosion It is also 
slowly decomposed by^cold water, but much more rapidly at the 
tempcratul'e of ebullition. The cojnposition of sulphide of nitrogen 
18 determined cither by boiling a known quantity in fuimng nitrip 
acid, which converts tlie sulphur into sulphuric acid; or, by heating 
a mixture of this substance and metallic copper in a glass tubej sealed at 
one end, and arranged as a retort, so that the gaas evolved may be 
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collected The copper and sulphur unite with avulily, ami the 
mtrogen is disengaged as gas 

SpLPnUR AND CARBON 

Jiiwlphide oj ta)buu , \nlpJu)c‘utbottiL acid, eq .‘5S oi "175, 
C Sj — Charcoal strongly ignited in ati .itmosphere of sulphur vapoiii, 
combines with that element, and loims a compound which holds the 
samc])laco m the sulphur series that carbonic acid occupies in the 
owgeu senes of compounds The hisiilphule of caiboii is a volatile 
liipiul, and may be propaied by distillnuf, m a porcehiin retoit, yellow 
jivntcs or bisulphide of iron, with a toiiidh of its weight of wcll- 
ilticd chtircoal, both in the state of liiii* jiowder and iiiinnately 
mi\ed The vapoui fioni the letort is conducted to the bottom ot a 
bottle' filled with cold water, to condense it ()i sulphur va|ioiir 
may bo suit ovci fiagmcnts of wcll-diied cdiaicoal in .» [loicclain oi 
cast non (not m.dlcabh' non) tube, placed aiioss a fuiiiacc The 
pre luct IS gencially of a yellow colom, and coidains sulfihni m solu- 
tioii, to lice it iiom which it is ledisldled iii a glass ictoit, by a 

l\n piepaiiiigalaigei (|uaii(ityof bisnlphule of 
Ciubon, M lliuiiiiei recoiiimends an eaithcnwaie 
retoit of the foim C'(fig l.Jl), two-thirds filled 
with dry charcoal, having .i (nbe, b, desccuding 

r through tl^p tubuluie a, by which fiaginciits of 
sulpluu can be lutroiluced 'riic ictoit is laiscd 
fo a red heat in a fiiiiiace (fig 135), and the 
vapour w’bie-h comes ovei, earned through a coii- 
ilensiiig tube, t d, ke|jt colil by a stiemn of watei, 
and ultinialely coii\e_,cd fo the lowei paiL of a 
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bottle surrounded by cold water, and also containing a little water, 
which tioats upon the surface of the condensed liquid and provc'nis 
its evaporation. Tlie sulphur is gradu.dly introduced into the lutort, 
and, being immediately converted into vapour, produces tlic bisul. 
pliide of Ciirbon in travel sing the incandescent charcoal. 

The bisulphide of carbon is a colourless liquid, of high rcfractiiiir 
jiowcr, and sp gr 1 272 Its v.ijiour has a tension of 7 138 P.iH', 
inches at 50”, and the hf[uid bods at 110° , a cold of — Sd” 

c<iii be produced by its evaporation in vacuo Tins coinjiouiid is l'\- 
tiomcly combustible, taking fire at .i temperatme which si.ncelj 
cxrccds tlie boiling jioint of incrcnry AVlicn a few diops ot the 
liquid arc tin own into a bottle of o\}gen gas, or mtiic oxide, a com 
Inistiblr mixture is foiincd, which bums, wlieii alight is applied to il, 
with a hrilli.iut Hash of llamc, but w'lthout a violent explosion 'I'lii- 
bisulphide ofcaibon is insoluble iii water, hut it is soluble in alcohol 
It dissolves sidphur, phosphorus, and lofhnc d'lic solution ot jilios 
plioius in tins liquid is used lu clcclrot) ping , objects dipped in Hie 
solution and diiod aie lelt coveicd by a iilm of phosphorus, which 
enables tlicm to obtain a conducting inetidlio coating when pluuiK'il 
into a solution of coppm “ 

Tlie observed density of the vapoui of bisulphide of caiboii i' 
20t'l< 7 (Gaj -Tiuss.ie) It consists of 2 vol carbon vapour (deiisilv 
410) and 2 vol sulphur vapoui (density 2200), condensed into 
2 volumes, uluJi fouu its eonibiinng measure, and is tliciLlnio 
([iiitc aiiidogous ill condensation to caibomc acid gas A comjihto 
•niiJ^sis of the bisulphide of c.irbon is 'ohtaiin d, by jiassing it m 
vajioui over a imvtuic of caiboiiale ol soda and ovidc of cojuiei ni a 
comhuslioii tube (page .‘57.3) .it a icd he.it tlie sulphur is ovidi/ul, 
and icinains in coiiibustioii with the soda as sulphate of soda, wink 
the cai 1)011 is burnt .dso, and thseiig.iged as carhoiiic acid gas, accoiii- 
p.imcd by an equal ipiaiitity of carbonic acid liberated from the car- 
bonate of soda b^ the siiljiliuric acid formed Tlie carbon alone i.l 
this substance m.iy he advantageously deteimined as caibomc .icul, 
by a simdar combustion with chromate of lead 

'I'lic bisulplnde of caihoii is a sulphur acid, and combines witJi 
sulphur bases, such as the suljihidc of potassium, forming a class of 
salts winch are called sulphocaibdiiatcs Owgen bases dissolve it 
slowly, and aie converted into a mixture of carbonate and sulplto- 
carboiiate thus 2 equivalents of potash with 1 of bisulplnde of 
carbon yield 2 equivalents ol sulphide of potassium and* 1 of car- 
bonic acid, which combine respectively with bisulphide of carbon auJ 
potiisli. 
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Solid sulphide of carton — The cliarcodl Ictt in the tubcj after 
the i)io(et>s for the foimer compound, is much corroded, and contains 
.1 ])ortiou of huljiliur mIucIi caiuiot be evpclled fiom it by heat 
]5(i/elm5 coiisidcicd this aidphur as lu chemical combination with 
the c.vrboii 


SECTION VIII 

SETJiNIU’lt 

ilij 39 28 01 401 (F. Stut) , Sc, dent,iti/ of lapout unknown. 

This clement was discovered m 1817 by llczclius in the snlphiii 
ijI Eahlun, cmjiloycdm a snl])hunc acid maniilaetoiy in Swedui, and 
lias named by him scleiiiuin, Irom SfXiyx/), the moon, on acLonnlof its 
stroiij' analogy to auothei clcuieni, tclhimim, which deiives its name 
luim /fV/wSj the earth It is one ot the least abundant of the 
elements, but is found m minute ipiantity lu sevcial oies ol copper, 
sdvir, load, bi'iniith, telluiunn, and gold, in Sweden and Noiway, 
anil m conibnvitmu with Ic.id, sdvei, coppm, and merciiiy, in the 
Malt/, It IS extracted from a seleuileroiis oic oi silvei ol a mine in 
(lie latter distiictj and supplied lor sale iii litllccyhndcisof thetbick- 
lUsS of a goosc-tpiill, and tlnec inches in length, oi in the foini of 
small medallions of its disrovcrci It has also been loiind in the 
lapaii islands associated with sulphiii, and can somet]me° hi delectid 
111 thesulphunc acid both of (J^lln.lny and Mnglaiid It is si ]) iiated 
liom its combinations wiU'i buljihiii and metals by a vciy eonijihcalid 
piocess, lor which I must refer to tlio woiks of Uer/ilms* 

V) ope) tics oj silcninni — 'I'lns dement is iillnd to snlpluir, and, 
hse thatboely, exhibits coiisvdciahle vaiu ty in its jdijsical chai.icters 
A\lun it cools after being distilled, its Mirf.ice lellects light like a 
minor, has a deep reddish brown colour, witli .i md.ilhe lustre 
irsembling that ot polished blood-stone, ils density is iictwccn 4 3 
and 1 32 When cooled slowly idler liision its suilaei' is rough, of 
a liadcn grey Colour, its fiactuic Ime-graincd, and tin m.iss rr semhles 
ei.ifily a fragment of cobalt Hut iis selenium dots not conduct 
cleelncity, audits metallic characters aic not* constant, it is better 
Massed writli tlie non-metallic boiCes Its powder is of adcip led 
colour By heat it is softened, becbiniiig semifluid at 392", and 

* A.iiiials*of Plulusophy, vol uu ]i 401, or Aimalci dt num ct di, I’Lya ,xi 100, 
alao Buzeliiis’g Traitt, ii 184, Pans idition, Didut, 1846 
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fusing completely at 482° It remains a long time soft on 
cooling, and inuy then be drawn out like sealing-wax into thiii and 
very flexible threads, which are grey and exhibit a metallic lustre hi 
reflected light, but are transpAreiit and oi a ruby red colour by tmi^ 
mittcd iiglit Jt boils about 1292° and gives a vapour of a yellow 
colour, less mteiise than that of sulphur, but more so than that ol 
chlorine The deii'-ity of this vapoui has not been asccrbimpd 
When lieatcd to the degree of igiution, selenium emits a powerful 
odour, suggesting that ot decaying horse-iadisli, by means of which 
tlie smallest tiaci' of this clement may he detected in miiienils, when 
he,ited befoie the blow -pipe The odour was lust ascribed to a 
gaseous oxide of selenium, but it is found by M Sacc that selcniuni 
licated in peifeclly diy an is inodorous, and the odour is now lefi ircd 
to the prniluclion ol a minute (juautity of hydroselcnic acid. 

Selenium comlmu's in two piopoilions witli oxygen, forming sele- 
nious acid, vvliitli corresponds with suljiliuroiis acid, and sclcmc acid 
couespondiiig with sidphune a<ul 

Si I fwnotts (Kid, cq 5rj 28 oi <>91, SeOj — Selenium docs tiol 

bum in air, but when stroiigh 
Invited m llu' bend of a glass 
tube cr c, (lig 136), with a 
cm 1 1 ent ot oxygim passing o\ 1 1 
it, selenium t.vkes iiie ami 
bums with a flame, while at tlic 
base, and of a bluish gircn at 
tlic point and edges, but not 
stioiigly luminous , seleiiioii' 
acid at the same time cmi 
denscs in the upper part ot tin tube as a white sublimate, in loiis; 
quachilatcral needles Its vajKmi li.is tlic (oloiii of clilorinc The 
same acid is the only product ol the action ol nitric or nitrojiiuiialu 
aud upon sclcinuni, and is obtained on slowly cooling the liquoi m 
large* pn&matic crystals, stiiated lengthwisi*, which have a considc'i.ihh 
resemblance to nitre These ciystals are hydrated uclcnious acul 
This acid IS hugely soluble, both m water nicl tdcohol It is deediU 
posed when in solution, and selenium ])rpeipitated by /me, iron, o' 
sulphite of auimoma, with the assistance of a free acid The selciiit>^ 
of ammonia is also decomjioscd by heat, and leaves selenium 'i 1'*^ 
selomous is a strong acid, displacing nitric and hydrochloric aiKb 
from their combinations, but is displaced m its turn by* the inei‘ 
fixed acids, sulphuric, boracic, &c at a liigh temperature. (I’ bac'» 
Aimales dc Ch 3 scr xxi 119) 
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Selemc actd, Se Oj — Sclomum is brought to this superior slate 
of oxidation at a high temperature, by fusion with nitie, a process 
winch affords the selcniato of potash The selemc acid is jirccipit.ited 
from that salt by tlic iiitr.ite of lead, and Ihe iiisolublo seleiiMte ot 
lead, after being i\ ashed, is diffused through iiatei ami dccoin[)()S('d 
by a stream of hydrosulplimie acid, which converts the lead inlo in- 
soluble sulphide of lead, and hberates aclcnic acid A solution oi this 
acid may be concentrated till itsboihiig point uses to 53G°, biitabovt 
111, it temperature it changes rapidly into selcn tons acid, uitli discn- 
g.igement of oxygen Its density is then 2 (50, and it coutaius Utile 
more than a single equivalent ot water, ami tlieu-foic coi responds wiili 
the protohydrate of sulpliniic acid, or oil of vitiiol Selenie .icid h,is 
not been obtained m tbo anh^dious eoiuhtioii Zinc .nid non .iie dis- 
solved by this acid, wilh the evolution of hydiogcii g.is , and inlli the 
,nd ol heat it dissolves copper and ('ven golil, an opei.ition in wliicb 
h ,s p,irtially conveitcd into •'cltiuons acid But it does not dissolve 
IiLifiiuun To precipitate its seleninin, ilie arid in,iy be digtsted 
Midi liydrochlorif acid, uliich occasions tbi' foiin.ilion of s( lemons .itul 
and the evoluliqn of chlorine, and tben siilphmoiis .uul (Inows dow n 
(he pclcmuin , foi'it is singuLir that sileinc arid is not iIe-o\uh/i d hy 
siilplmions acid, altlumgli scleiiioiis ac id is 'I’lie (oinpoumis ol se- 
leiiic acid with bases, so much resemble tlie coius])omlmg sulpb.iUs, 
111 their ciyslalhnc foim, colour, and exteiiial diaiai ties, that they 
c.m onK he distiiigiiislicd horn them by tlio jnopeity wlinli llii’ sde- 
mates have of detonating uhei>igm(cd with chauo.d, and eansmg a 
ilisiiigagement of cliloiiiie'wlicii he.itid iiitli li^dioc liloiic .leid 'I'o 
sijiaiatc tlic selemc fioui the sidjilinnc acid, IJei/eluis lei onmiemls 
till s,| Illation ol the .icids with [lotash, and the igminm ol (Ik* lined 
s-ili, luisid Mith s,il-aimnomac , (In sileiiic acid is decomposed by llie 
■miiijonia and reduced to the state of sclcmum 


SECTION l\ 

piiosrnoKus. 

Eq. 400 ot 32 , P , dettitily of in itom 4327 , | i 

Iliis rcmiU-kable element appears to be essential to the organi/.ation 
of the higticr animals, being found in their lluids, and foiming, in tbe 
!>tatc of phosphate of lime,’ the basis of the solid stnuLuie ol llic 
bones It IS also found in most plants, and iii a few minerals 
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Phosphorus was first obtained by Brand of ITamburgh m 1600^ but 
Kunkel first made public a process for preparing it, which was altd. 
wards improved by Margralf aud by Schcclc Its ready inllainiiici- 
bihty, from which phosphorus derived its name, has alwajs nude 
this substance an object of popular lutcrcst, while the siiigiilaiiti^ 
import, lupp, and variety of the pliosphonc compounds have diaiiti to 
tlu'm no ordinary slure o( the attention of chemists 

P}cpaKilw» — Pliosphonis is not a aiibstaurc that ran be eaM]\ 
jircpared on a small sc.ilc, but ever since the time of Godfiey Il.iiik- 
wit/, to whom Mr Boyle communicated a iiroccsa for prepanng it, 
phosphorus has been m.inufacturcd in London, m eonsidcrablr (iiiaii- 
tiiy ,111(1 of gre,it puiity, for the use of chemists The earth of boius 
IS decomposed by 2-3rds of its weight of snliiliuric acid, and the in- 
soluble sulpli,itc of lime separated by filti.ition from the soluble 
jiliosiihonc acid, which jiasscs through with a rju.inlity of pliospli.iie 
of lime m solution The acid liquor is then cv,ipor,xted to the euii- 
sisleiicc of a sjriip, and mixed with eharco.il to form a soil p.isle, 
which IS rubbed well in a mortar, and then dried in ,in iron pot with 
constant Stirling till the mass begins to be led hot It is allowed to 
cool, and introduced as rapidly as possible into a stoncwaic ictoit, 
picviously covered with <i coating of fire clay The beak of the retoit 
IS inserted into a wider copper tube of a few feet in length, the fne 
end of whidi is bent downwards a few' niches fiom its extremity , iiiul 
the descending portion mtioduced into a wule-nioiitlu'd bottle, (oii- 
faming enough of w.alcr to cover the '\1iemity ol the tube to tbciv 
teiit of a line or two 'L'lie lie.xt ot the fiu’naee in winch the retoit is 
pbieed IS slow'ly Mued lor tluee oi foui hours, and then niged 
vigorously till plu)s])Iioius ee.isos hi drop into the water from the 
copper tube, w'liicli may continue liom liftcni to tliirty honis, 
according to the si/e of the retort C,nbou at a high tempcr,ituu' 
takes oxygen from the pliosphonc acid, aud becomes carbonic ovuh', 
so that the phosphorus in distilling over is aecomjiamed .ill along bv 
that gas 

Wohler recommends, instead of the preceding prodtJss, to c,ilcinc 
ivory black, which is a mixture of phosjihatc of lime and chare o.ib 
with fine (pi.iit/y sand and a little more ordinary charcoal, in cyhii- 
ders of fire cl.iv, .it a very high temjicrature Each cylinder has a 
bent copper tube adapted to ity one br.iuch of wdiich descends into a 
vessel containing water. The efficiency of Wohler's process depends 
upon the silica acting as an acid, aud combining with the lime of the 
phosph ite, at a high tpinper.it me, while the liberated phosphoric acid 
IS decomposed by the carbon 
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Piopeitic'i — At the usual temperature phosphorus is .i traiishi- 
cent ''oft solid of a light amber colour, uliich may be bent or rut 
viitli a knife, and the cut surface has a uaxy lustre Its deiisit) is 
177 Phosphorus melts at ]08°, undergoing a remarkable dil.ita- 
tion of 0 0131 of its volume, and becoming transparent and coloni- 
Icss immediately bcfoie fusion It forms a transparent Iniuid, 
po'-sp'-sing, like most coinbubliblc bodies a high refi.ictiiig poiirr 
At 317° it begins to emit a slight vapoui, and bods at 550° bring 
converted into a v.ipoiir winch is coloinless, of sp gr IISS, accord- 
ing to tlie experiment of Dumas vv hid i coinrules almost vvilli the 
Ihcon'lical density 1337. Its comhming measure, like lh<it of 
o\\gcn, 13 1 volume, allowing its equivalent to be 33 IVlien fiihcd 
aiifl left undisturbed, it bometimes remains liquid tor hours at the 
iiMial lompcrature, particularly n lieu coveted by an alkahue h(|iiid, 
Init becomes solid vilien touched Phosjilioiiis, nhoii very jniie, 
rxlnbils by rapid cooling from a Ingli tt mpei atnie, a mothiicatioii 
aiialngous to that which sulphur undergoes in tlic same cireiim- 
staaccs, but which is not so cam'll}' produced laght causes it, iii 
all circumstances, to asbumc a icd tint, to avoid which action phos- 
plioiusis usually ^jicservcd iii an opa(|uc bottle Pliosplionis cannot 
lie crystalh/cd from a stale of fubioii, for this substance passes in a 
gi.idual muiiiici from the luiiiid to the .solid roiidition, a cuciim- 
stance which is always opposed to (rystallizalion , hut fiom its bohi- 
tioii 111 hot naphtha it in.v> be obtained, m eonliug, m rhomboulal 
ilodreahodrons of tlic rcgulai system It is quite iiiboluhh in vvatri, 
hill soluble to a small extant, willi the aid of heat, ni tixcd and vola- 
tile oils, m bisulphide of caihon, ol which I 01) parts di'-sohc 20 of 
phosphorus, iii chloride of sidplmr, biilphide of pliosphoius, and 
it'uT 

Phos])horus iiiiclergoes oxidation iii the open air, and diiruses 
white vapours, which li.ivc a peculiar odour, suggesting to someth.it 
'll g.irlic, and are hnmiious in the dark, .iiid .at the same tune the 
phosphorus becomes eoveied with acul diops, w'hu U .irisc Iroiii the 
phospliorous jcid, piodiiccd in these nre iimbtaiires, attiartnig the 
hiiruidity ol the ,iir Tins slow comhustioi) is attended with a sen- 
''ible evolution of heat, and may tcinnnate m tjic fusion of the plios- 
plioius, and its inflammation wnthtomhubtioii at a high teinpi'rature 
I'jiere is a necessity for c.iution, therefore, m h.viullmg phosphorus, a 
bum from this body iii a state of ignition being in general exeri'd- 
I'lgly scvwe. It IS preserved under tlip surface of water The low 
combustion of phosphorus has been p.srticu]arly studied It is not 
observed a few degrees below 32°, but is sensible at that tempera- 
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tore, and increases perceptibly a few degrees above it. The presencu 
of certaiti gaseous substances, even m minute quantity, has a remark- 
able effect in preventing the slow combustion of phosphorus , tlius 
at 66° it IS entirely prevented by the presence of, 

4 

Volumes of Air 


I volume of olefiant gas m - . - 450 

1 volume of vapour of sulphuric ether in - 150 

1 volume of v.qioui of iiaphtlia in - - 1820 

1 volume of vapour of oil of turiieiitnic in - 


and the influence of these gases or vapouis is not confined to low 
temperatures, a ceitaia admixture of all of them defending phos- 
phorus fiom oxidation (weii at 200° But on allowing sucli 
gaseous mixture to expand, by diimmshing the pressure ujiou it to a 
half or a tenth, the phosphorus becomes luiimioiis, and the propor- 
tion of foreign gas icquiicd to prevent the slow combustion mii'-t 
be gieatly incrcastd The only cxpl.maiion of tins phuiomciitm 
whicli can be olleicd at ])icscut, is that the gases which exert tins 
iiillueiice have an atti.iction foi oxv'gcn, and there is reason to he- 
heve are themselves undergoing a slow oxidation lit the same tunc 
Kow when two oxidable bodies are m contact, one of them often 
takes precedence ni combining with oxygen, to the cntiic exclusion 
of the other Potassium is defended lipin oxidation in air by the 
same vapouis, although to a less degiiH* ^ it is curious, that in 
puic oxygen, j)hosplioiu‘5 inaj lunaip wilhont oxidating at all, .it 
tcmpciatmcs below 60°, hut an iiicoiisidcjable i.aicfactioii ol tlie g.i^, 
from dmuiiution ol the piessnre upon it, will cause the phosphoiuv 
to bill st into the luminous condition The dilution ol the oxjgen 
with nitrogen, hjdiogeii, oi caiboinc acid, pioduces the same cflerl 
When giadually heated ui an, phosphoius geiieially catches fire, and 
begins to undergo the high i oiubustion, bclou its tempcraturi' ll,l^ 
risen to 110° of this high combustion, the sole product is plios- 
phoiic acid The mllammability ol phosphorus, however, is giealh 
increased by its impurities, particularly by the presence of the red 
oxide of phosphorus 

The phosphoius matches now universally employed for procuriin; 
a light, aie geiier.dly the wooden 'fal[)liur match, with an additional 
coating, applied to its cxtiemity, ol a paste coiitaimng phosphoius, 
wluch, when diy, will igmte by friction The materials added 'to 


* Quarterly Jouriml of Seicucc, N S vol vi p S3 
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this paste, to promote the combustion of the phosphorus, ai’e chlorate 
and nitrate of potash, or certain metallic oxides, such as the binoxidc 
of manganese or ses(]^uioxide of lead (minium), which abandon 
raidily .1 portion of their oxygen The snap, or little detonation 
H Inoli attends the ignition of these matches, is caused by the clilo- 
rate of potasli, and is obviated by substituting nitre for that salt , 
altlioiigh, to give the proper inflammability, a small jiroportioii ot 
tliloiate is found to be iiKhspcnsablc. Tlic jihosphorus paste is 
made liy melling phosphorus in a vessel with a ccitaiu quantity of 
iiater at 120° The requisite pioportion of chlorate or nitrate of 
j)ot<is]i IS dissolved in tins water, and the mchilhc oxides added, if 
tile latter are used, and then cnongli of gum to thicken the liqiud 
'I'he whole are well triturated togethei, in a mortar, till the globules 
ot ])liosphorus cease to ho visible to the f}c, and tlic mass is 
coloured blue with Prussian blue, ot red with iiiimum Tlie points 
of the matehca already sulphured are dipped into this paste, so ,is to 
rover their cxtroiiiities, and then cautiously lined iii .t stove The 
gum on drying forms a varnish, which defends the pliosphoius from 
oxidation by the air till the surface is abr.iiled by inetioii, when 
till phosphorus thst tAes fire and eoinmumi ales its eombuslion to 
the sulphur, which again ignites the wood of tlic match 
Pliosplionis IS susceptible of four ihtlerent degrees of oxidation, 
the highest of xvhicli is a powciful acid, xvliile flic acid character is 
not absent even in the lowest Tliesc compoiiiuls arc — 


Oxide of phospiiorus - 2P + O 

llypophosphorous acid - - - J* + 0 

Phosphorous acid - - P + 30 

Phosphoric acid - - - P + 5t J 


OXIDE OF PlIOSl’lIORUS 

Eq 72 ot 900 , PjO 

When burned iii air or oxygen,ii)hosphorus generally leaves behind 
it a small quantity of a red matter, wjiich is an oxide of phosphorus 
The same compound is obtained, in larger quantity, by dirceting u 
stream of oxygen gas, upon melted phosphorus, uiidci hot w^atcr. 
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and was found by Pelouze to contain 3 equivalents of phosphorus to 
2 of oxygen * 

But tins oxide is impure, and the definite oxide appears to haic 
been first obtained by Leverner t His process is to exiiosc to the 
air small fragments of phosphorus covered' by the liquid chlondc of 
phosphorus (BClg), in .in open bolldiead Phosphoric acid is 
formed, and also a yellow matter, winch he finds to be a phosphate 
of the oxide of phosphorus, and whicli gives a yellow solution uith 
water Tins solution is decomposed about 176°, and a floccuknt 
yellow matter subsides, wdncli is a liydrtite of the oxide of plios- 
pihorus, nearly insoluble in water Tins compound abandons its 
combined water, when dried in vacuo over sulphiinc acid, oi whin 
cooled below 32°, when the water separates as ice, and oxide ot 
phosphorus remains perfectly pure 

The oxide of phosphoius is a powder of a canary yellow colour, 
denser than water, and soluble neither in w'liter, alcohol, iioi ether 
It may bo kept in dry air without change It resists a tcmpcratuic 
of 570° without decomposition, but asMimcs a lively red colour, 
and does not lake lire in air tdl heated a little above tlic boihiiii 
point of mercury Tins oxide .ibsurbs dry ninriion]ac.d gas, .iiid 
a])])cars to form feeble combinations with the fixed alkalies. Lever- 
ricr .issigiib to ils liydiatc the composition P^Od- 2110, and to its 
phosxihatc, 2 P 2 O + 3POg 


lIM’OPHOSrilOllOUS ftClD 

Eq 40 or 500, PO, not isolahle b'othiu/u of a Hi/qjojiho'i- 

MOPO + 2110 

This acid was discovered m 1H16 by Dulong J It was obtained 
by the action of w.itcr ujioii the pbosplnile of biUium, of which tlio 
phosphorus of one poilion o\id.itcs and becomes the and 111 ques- 
tion, at the expense ofi-thc w.iter, while the phosphoups of .inotlier 
portion, comhiinng with the hydrogen of the water, produces phos- 
phuretted liydrogen gas Hose prepares the same hypopliospliitc ot 
baryta by boiling phosphorus in a .solution of caustic baryta, tiU all 
the phospiiorus disappears and Bic v.ipours have no longer the smell 

* Aunalcb Jl CIiiiii UdtPhys 1 b3 , 

+ Aim.i1cs tie CJiiin et tie PLys Ixv 2 >7 
t Annates de Clnni il dt phvs ii 141 
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of garic * Wurtz uses sulphide of banum To separate the hyphos- 
phorous acid from the baryta, diluted sulphuric acid is added, iiliich 
jircopitates the latter To remove again the excess ot bulphnric 
.itul unavoidably added, Jhe acid htpnd is saturated ivith oxide of 
lud, iihich forms a soluble hypophospliitc of lead and an insoluble 
tidphate of lead The latter is separated by filtration, and the lead 
thrown down from the filtrate by a stream of hydrosulphuiic acid 
gas 'File acid remaining in solution may be concentrated with raii- 
lion to the consistence of a thick syrup, but allords no crystals 
Moic strongly heated, tlie Indrate of hypophosphoroiis acid under- 
goes decompohition, being conveitcd into jihosphonc acid, with tlic 
evolution of phosphuretted hydiogen and a deiiosition of phos- 
phoriis The anhydrous acid PO has never Ixtu obtained, 3 eti ot 
iiatci being essential to its fomposition, namcl\, 1 e([ as base, and 
3 e(j,which appear to form elements of tlic and itself (^^^mt/) 
lleiu(‘ the formula of the acid is nOPO-t 2 ll(), oi, belitviiig 
mill Wurt/, that both the oxygen and hjdrogen, of 21 H), aie nega- 
tm elements of the acid, like the oxjgen in ])h()sphoric and, the 
loiiinila is IIQPH2O,, coi responding witli the jaolohydratc ot 
jiliosphonc acid ito POg 

llypophosphoroiis and is colouilcss, viscid, .md som to llie taste 
II Hithdr.iws oxygen fioin the scs(|uio\ide of h ad, and some olhei 
metallic oxides ^\hell lieated with snlphimc acid it changes the 
Littn into sulphurous acid, and also piodines a deposit of sulphur, a 
pioperty by w'liuli it is distiitgnished linm phosplioimis and, the 
complete dccoiii posit 1011 ol snlphuiic acid not lieiiig eflei led by (Ik’ 
l.ittci .irid 1 Ivpophosplioions acn! also deeoniposes siilph.ile of 
(ojipei 111 solution, producing, when the teinjieiat me is only slightly 
iniscd, a solid insoluble eouipoiind ot that iiu tal \mI 1 i hydiogni, llie 
hvdndc of cojipcr discovered by ^Vurt/i, and at the boiling poiiil 
a < 1 ( posit of mef.illu nipjier with the evolution ol hydrogen gas 

'fhc hj pophosphites aie all soluble 111 Wiitci, and the salts of the 
magnesian family, such as those of inaguesicv. imd coh.ilt, eijstalli/e 
well They arc easily obtained by decom])Osing the liypopliospliite 
of Iwiyta by the soluble siiljihates The diy lupojihosphites are 
permanent 111 air, but their solutions, cvajiorateil by heat, absorb 
oxygen. They all contain the ^ e({uivalents of water whirli <11 e 
essential to the constitution of a hypdjihosphitc t 

* n Rose, BUT Ics ITypophosiihitca, Annulcs ilc Chim ct do Phys swmh 2")S 

t ^Vartz, Aimalcs de Chun ct de Fhys Seer vii 35, and xvi 1‘JO Also, I[ lliwc, 
>5 viu 364 
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Eq 56 «» 800, PO 3 Fotmulu \>f a Phoyihite, 

2M0P03 + n0 

Piepanttion — This acid is the principal product of the slow 
combustion of jiliospliorus, but chdiigcs after its formation mlo 
phosphoric and, from tlic further absorption of oxygen from Uir 
tiir It may be obtained 111 tho anhydrous condition by burmii |5 
])liosphorns with imperfect access of air Berzelius recommended for 
tills operation a tube of glass, about 10 inches m leiigtli and \ irieli iti 
diameter, wbieb IS nearly closed at one end, an opening no gn.itrr 
than a large pin-hole being left there, and at a distance of an nuh 
from tins extremity the tube is bent at an obtuse angle. A sm.ill 
fraginint of pho'^phorus is introduced into the angle of the tube, 
and heated till it t.vkes file It burns with a pale giecmdi fl.iiiii, 
and the phosphorous acid produced is carried along by the lei'ble 
current of air, and condenses in the ascending part of the tube, ,is a 
wliitc powder, volatile but not m the slightest degree cryst.dlinc 
The pho'>pborus must not be so much heated as to cause it to sub- 
lime unchanged In contact with .ur, phosphorous acid is apt to 
inflame, from the heat occasioned by the condensation of moist me, 
and IS converted into pbos]ibonc aeul The phospborons acid of the 
preceding process is iininediately soluble in water, while the pliov 
plionc acid, wbicli sometimes accompanies it, remains for a sliort 
time undissolved, in the form of white tr.uisliicent flocks 

Hydrated phospborons acid is obtained by throwing a fciv drojis 
of water on the li(|uid tcr-clilondc of phosphorus (P Cl^), when tli.il 
compound evolves liydroclilonc acid gas, and gives hydrated plios 
phorous acid 

P Cl, and 3110 = PO 3 and 3 IICl 

The hydrated acid is also obtained by the mctlidil of Drocpict 
Two or three ounces of pliospliorus are melted m a cylmdneiil glass 
receiver or sealed tube, of 10 or 12 inches m length, and nearly 
an inch in diameter, and the tubb filled up with water. This tube, 
which will cont.uu a column *ot fluul phosphorus of 5 or 6 inches 
ill height, is then properly disposed in a bason or boft-head of 
warm water, so as to retain the phosphorous fluid Chlorine gas 
is conveyed by a quill tube, from a flask m which it is generated, to 
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tlie bottom of the fluid phosphorus, where combination takes place 
aith Ignition, and the chloride of phospliorus is formed Tins 
chloride is dissolved by the water covciiiig the phosphorus, and con- 
\(,rtcd into hydrochloric acid and phosphorous acid The cliloime 
must be transmitted very slowly thiough the plio«phouis, as any 
poitioii of that gas which reaches the water coiivcits the phosphoious 
into pliosphoiic acid, and the ab'Oiption ot thcchloinio by tlic phos- 
phoiiis is most complete wlicu it is free from any other gas When 
till' leinainiiig phosphorus fixes, upon cooling, the acid lliiid may be 
pouied oft^ and concentrated by boiling, till it becomes syrupy and 
the volatile hjdrochloric acid is eiitiioly cvpelled 
Viopertieh — In its most concciitiated stale, the lijdiatc of plios- 
phorous acid contains three equivalents of water, and ci}sl.illizes m 
transparent prisms. When heated it is resolved into hydrated plios- 
jilione acid, and pure phospliuiettcd hjdrogeii gas, winch is not 
spontaneously lullammablc as so prcparwl T'he solution ot phos- 
phorous acid absorbs oxygen from the nir slow ly, it concent rated, but 
quiLUy when dilute Like sulphurous acid, it takes oxygen Iioin 
the oxido of mercury, when heated with it, .uid deeomposes aJso the 
«.iUs of gold aiidVilvci It is one of the more feeble riculs 
Phosphites —The class of phosjiliites, which has been examined, 
is hibasic, that is, they contain 2 c(| of base to 1 of phosphoious aeid 
Tliey also retain i eej of watci, the elements ot which aic proved 
by Wurtz to enter into the constitutiou of the acid I’hosphorons 
acid is thus represented witU 5 negative equivalents like 

phosphoric acid I'Og Much infoimation resjiectiiig the pliosphitcs 
1'' rontaiiied in the papers of Jleizolius * 

Analysis oj phosphoious and hi/pophosphotons at ids — Tlie 
coiiiposition of both phosphorous and h^ iiophosplioious acid is de- 
tciinncd by adding mine acid to tlieir solutions, by which tlicy are 
couveitcd into phosphoric acid But the weight of tlie resulting 
phosphoric acid cannot be obtained by simply evaporating its solu- 
tion to dryness, as that acid retains an iiidehiiitc ipiaiitity of watei m 
•’cmlnnation ‘It is necessary to add to the liquid a weighed (ju.uitily 
of oxide of lead, more than sufTicieiit to ncutr.di/,c the pliosphoiie 
acid and what remains of the iiitnc acid Tlur whole is then evajio 
rated to dryness in a platinum capsWo, and heated sufllrieiitly to cxpi-l 
file ijitnc acid from the nitrate of lijad formed The watci, pie- 
viously combined with the pliosplionc arid, is displac'd by the oxuh' 


Aiinulcs (Ic C him cl di Plijs ii 111, 217 , < 129 , < I \ ■IT's 
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of lead, and escapes, leaving only phosphate of lead with the excess 
of oxide of lead This residue is weighed, and the original weight 
of oxide of lead is deducted from it to obtain the w^cight of dry 
phosphoric acid TJie comjiosition of phosphoric acid being knoMn 
(32 phosjihoms and 40 oxygen), the quantity of phosphoius m the 
phosphoric acid of the experiment is obtained by a simple c<dculati()ii 
I’urthcr, if a stream of ehlonne gas be transmitted through a solu- 
tion of hy])opliosj)liorous acid, it is converted into pliosphorie arid 
by the oxygen of water which is decomposed The chlorine uuiiiMg 
inth tlie hydrogen of the water, at the same time, and becoming 
hydroeliloiie acid, the quantity of the latter acid produced siipphrs 
a measure of the oxygen K'quircd to convert the hypophosphouris 
atid into phosphoric acid 

The composition of phosphorous acid may also be deduced fiom tlir 
analysis of terehlornle of phosphorus winch can be made very ex.u lly 
Onehnndretl grams of tlial liquid compound being mixed witli wall r 
in a (lask, it is instantaneously converted into hydrochlonc ami jilios. 
phorous acid , and by 1 lie addition of a little nitric acid the lattoi ai id 
IS changed into jiliosphorie aeid 'I’hc chlonde of silyer, precipitated 
by a soliilion ot niliate of silver added in excess to the acid lujinil, 
will weigh 310 S'j giains, and contains 76 85 grains of cbloinu* 
Ifeneo 100 grains ot tcrchlondc of phosphorus contain 76 S'l 
grains of cbhmne, and llie remaining 23 14 grams is phosphorus 
But these numbers arc in the pioportaon 32 phosphorus and KKt '» 
chlorine, or 1 p(| of the foimei, and 3 e(| of the latter , giving 
P Cl^ as the composition of the IcrcMoridb of phosphorus Fmalh, 
as phosphorous acid is formed from the terchloiide of phosplioms, 
by replacing tlic chlorine by an cciuivalent quantity of oxygen, it 
follows evulciitly that the composition of jihosplioroiis acid is POi 

PTIOSPTIOIllC ACTll 

A’y 72 tn J)()0 , PO 5 , JouHs ihu’e hydrata and tlnrc clas'^es 
of \atts , 

fotnitthi of ft Mo/iuhasic phosphate, 01 Melaphos- 

plwte . MorOj 

“ “ Bihasie phoyihin'e,ot Pi/rophox 2 )hate 2MO W)? 

“ “ Til basic jdai-sphofe, or Phosphate . 3 MO POi; 

Picpaiafion — To obtain this acid in a state of purity, a coiiye 
nicnt process is to set fire to about a diachm of phosphorus upoi> 
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a little metallic capsule, placctl in the centre of a large stone- 
ware plate, and immediately cover it by a dry bell jar of the largest 
size The jihosphorus is coiiverled into while flakes of pbosphoiie 
j, 1 ( 1 , which are retained, ^with veiy little loss, witlim the bell j.ir, and 
fall upon the plate like snow 

The process may be made a continuous one, and a large quantity 
of pliospbonc acid prepared by the aiTangenicnt of figure 139 The 
pliospliorus IS burned withm a huge glass halloon A, having three 
Fio 139 tubulurcs, which 

has been well 
dried before hand 
The cork of the 
iijipcT tiihuluic 
IS tiaverscd by a 
long tube, a b, 
o]i( n at both ends, 
and about half an 
inch 111 (hainetor, 
and wliicli de- 
‘•ceiids to about 
theeciiticol the 
globe A little 
t ipsiilc ol |)lati- 

niim or porcelain v is attached, by means ot platinum w lies, hi low 
the lower opening of this lube* To llic second lubulurer/ a drying 
tube C, contaniiiig pumice soaked in oil of vitriol, is .itlaclied, and 
to the third tubnlure g a somewhat wide bent lube, g h, of ulneli the 
other extremity descends into a \vell-dric«l bottle H 'I’liis List vi ssid 
IS placed in coinmnincation, by means of tlie tnbi' k I, willi any 
ratmg apparatus, by means of wlncli a coutiniioiis uiiieiit ot an is 
(lotermin'Ml, wbicb penetrates by the tube C, w here it is diiul, and 
tiaveises the whole appaiatus A fiagniciit of jiliosplioins is now 
flropt upon the capsule i , by (be tube a b, lighted by a hot wuc, and 
the upper opcliing a then dosed by a coik When the combustion 
Is completed, another fragment of phosplioms is added, .dw.ijs t iLiiig 
caic to dry the fragment carefully with filter iT,ipcr beloie its intro- 
tluction The phosplioiic acid produced is piirtly deposited in the 
globe A, and jiartly carried forward hito tlie bottle U It is thus 
obtained ^uitc anhydrous 

The dry phosjiboric acid is distinguished by the same shade of 
while, absence of crystallization, and perfect opacity, as solid carboiiie 
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field Exposed for fi few minutes to tlie air, it deliquesces , and 
when the solid acid is collected m a wine-glass, and ti few drops of 
water arc thrown upon it, it is converted into a liydrate with explo- 
sive ebullition, fnim the heat evolved The anhydrous acid is per- 
fectly fixed, unless in the jircscncc of affueoiis vapour, when it 
sublimes away, probably in the state of a liydrate. 

l^hosplionis may likewise be oxidated by raearis of nitric aoid 1 n 
this operation, the fuming nitiic a<id sliould bo diluted with iiii e([n d 
bulk of iiakr, to avoid accidents fiom the violent actum of the .uid, 
winch may cause the pliosjihonis tola- projected lu a state of iguitum, 
the diluted acid is boiled upon the phosphoius, and being aftiiuariK 
evaporated to dryness, it yields a hydrated phosphoric aeid 

riiosplionc acid is also obtained in large (piantity from calcined 
bones, which arc reduced to a fine powder and mixed with 4 htlis nt 
their weight ol oil of vitiiol, previously diluted with 4 or 5 timis its 
bulk of watei, as in the preparation of phosphoi us (page 4^0) ('.ii- 

bonatc of ammonia is then added to the filtered solution of phosphmit 
acid, and the resulting phosphate of animoma being evaporated to 
<h 3 ii('ss and healed to low redness m a jiLitinnm enieible, a bjdiatid 
pliosplionc acid rcmaiir^, in a fused st.ite, which is 'known as glaci.il 
phosphono acid, from its lescinblariee to ico 

To exhibit many of its properties jdiosphoric acid must be iiist 
dissolved in water, when the (oniponml is found to be marked In an 
inconstancy and vaiiablcncss in its characters, most unusual m a 
strong aeid This arises fiom the cirfumstanee that it is not aitii.il 
pliosplionc acid winch dissolves in water,- any more than it is tnu 
sulphuric acid w'hich dissolves m water when oil of vitriol is addid 
to tliat fluid It IS a liydrate of both acids, which is soluble , the 
phosphate ol water in the one case and the sulphate of water m the 
other. But the pliosplionc acid dilfers from the sulphunc, lu a sin- 
gular and almost jieculiar csijmcity to form three different salts ot. 
water, instead of one only , and these three phosphates of w'ater .ire 
all soluble without cliaiigc, and exhibit properties so diflcrout, lli.it 
they nnglit be sujiposed to contain three different acide Wlien the 
diy acid from the combustion of phosphorus is tlirown into water, it 
produces a mixture, vi variable proportions, of the three hydrates , 
but each of them may be had sepasately, and in a state of purity, by 
a particular process r 

Terhydrate, ot tnhustc phosphate of watet , 3HO-f- PO 5 — Tlic 
common phosphate of soda of pharm.icy may be had recourse to for 
alt the hydrates of pliosplionc acid, but it should be first dissohed 
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and crystallized anew to purify it To n warm solution of the pure 
pho‘!phate of soda in a bason^ a solution of acetate of lead ni distilled 
w ,iter IS addedj so long as it occasions a prccipit <ite , the phosphate of 
soda requires rather more than an eijuril weight ol .uelati* of had 
q’lu' dense insoluble phosphate of lead which prccipitaleb, is washed, 
and being afterwards suspended in cold water, is decomposed by a 
vtuam of hydrosnlpliunc acid gas sent through it The liquid may 
dieii he warmed, to expel the excess of li^diohulpliuiic acid, and fd- 
tered from the black sulphide of lead it is vciy soui, and contains 
die terhydratc of phosphoiic aeid The eliaiacters of this aeid solu- 
tion are, to give a yellow piccipitate with iiitr.ite of siher, to gi\e a 
ifiaiuilar crystalline precipitate with ainmoiiia and siilphalo of mag- 
nesia — the phosphate ot magnesia and ammonia, to yield tlie common 
jiliosphatc of soda when nenti.ili/ed with caibonatc of soda, to 
lonii salts which ha\e iiivaii.ihlj 3 cc| of base to 1 ol phosphoiie 
.'cul, and to be unallervhlo by boding its solution oi keeping it foi 
ally length of time Tlu cla'>s of salts which tins hj’dratc toiras arc 
till old pliospliatcsj winch have' long been known, and it !■« convenient 
to allow them to be j),iiticulaily distinguished as the phosphates oi 
the common phosphate'' 

Dexitd-lnidmlo of pliosphour add, ot bthasa p/io\phat(' oj 
uatn 2HO-f POg — Dr Claik bi4 discoveied that when llie plios- 
phdle of soda is heated to icdiicss, it is completely cliaiiged, and after 
being dissolved in watei allbrd'* ciystals of a new salt, which he 
named the pyiophospliatc of ssda, — an ohsenalion which led to inte- 
resting results* If a sohitiori of this salt, which it is not nceessaiy 
to eiystallize, be ]uccipitated by accUito ol lead, the insoluble salt of 
lead washed and decomposed by liydiosulphiiric and, as before, an 
•icid licpior is obtained wdneh contains the dcuto-hydrate of phosjiiioi ic 
aciil It must not be w'armcd to expel the excess of hydrosnlpliunc 
aful, but be left in a '-hallow bason for tw’cnty-foiir lioins to pcTinit 
the escape of that gas Tins ncid, when neutralized wnlh caibonatc 
ol soda, gives Dr. Clark’s pyrophosphate of soda It also gives 
a wlute precipitate with nitiatc of silver, .ill the salts which it forms 
have uniformly two cq of base Tliey w'cre named the pytophos- 
phates, and since that term has come into use, it is not likely to be 
superseded by the systematic, buf rather inconvenient designation of 
bibasic phosphates. A dilute soluticAi of the deuto-hydrate of plios- 
pbonc acid may be preserved for a month without sensible change, but 

* Edinbnrgh Journal of Sciciicr, rol vii p 298, (182G) , iir Annalis dc ( liiin it dt 
Phys ill 270 
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when the solution is exposed for home time to a high temperature, it 
passes entirely into the terhydrate 

Piotohydi ate of pIioKphoi to acid — If the biphosphate of sodabr 
heated to redness, a salt is formed, which treated in a similar mamicr 

* I 

with the last, gives an arid liquid, contaimiig the protohydrate of 
phosphonc and To prepare the biphosphate itself, a solution of tlie 
terhydrate of phosphoric acid is added to a solution of common plios- 
phatc of soda, till it is found that a drop of the Utter is no longer 
precipitated by clilonde of barium Tlie biphosplinlc of soda, winch 
IS now in solution, can only be crystallized in cold weather The 
glacial jihosphonc acid <dso is iii general almost entirely the protoh\- 
drate This hydrate is charactcnzcd by producing a white prccipitati 
in solution of albumen, which is not disturbed by the other hydratt"., 
and in solutions of the salts of earths and mctalhc oxides, jiic- 
ciintates which arc remarkable semifluid bodies, or soft solids, 
without ciystaUi/iition All these salts contain only one er| of 
base to one of aud, like the protohydrate of the acid itself 'I'hn 
name metap1io\phatei ivas apphed to the class by injsclf, to mark 
the cause ot the retention of peculiar properties by their acid, when 
free and in solution, namely, that it w'.is not then simply jihosplioiii 
acid, but phosphoric acid tof/ethe) with water * This is the Ica^ 
stable of the hydrates of jiliosjilionc acid, being converted rapidly, by 
the ebullition of its solulion, into the teihydialc If the terms mv- 
taphospho! It i« id and pi/iopho'>phoru avid arc employed at all, it 
IS to be remembered tliat they arc appheablc to the proto and deuto- 
liydiatcs, and not to the acid itself, winch is the same in all the hy- 
drates Hut to prevent the chance of misconception, mo(aphos|)h<itr 
of water and pyrophosphate of watci might be substituted for tlie 
former terms 

A solution of the terhydrate of phosphoric acid, evaporated in 
vacuo over sulphuric acid, crystidlizes iii thin plates, which arc ex- 
tremely deliquescent The dcutohydrate has also been obtained in 
ciystals "When heated to 400°, the terhydrate loses a portion of 
water, and becomes a nnxtuie of the deuto and protol'iydrates , and 
by heating it to redness for some time, the proportion of water may- 
be reduced to 1 eqmvvlciit, or perhaps even less than this , and such 
13 the composition of glacial phospfcoric acid But at that high tem- 
perature much of the hydrated phosphonc acid passes off in vapoui' 
The solution of phosphoric acid is not poisonous, nor when conccii- 

t 

* BeseoTches on the Arscnintcs, Phosphates, and Modifications of Phosphoric Acid' 
Phil Trans 1833, p 233 , or Phil Mag 3rd st-rics, vol iv p 401 
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1 rated does it act as a cautery, but it injures the teeth from its pro- 
perty of dissolving pliosphate of lime Tlie soluble -[dioiphates, 
nhich are not acid, give a precipitate with chloride of baiiiun, whieh 
IS the phosphate of baryta This phosphate, in common with .dl the 
ul^oluble phosphates, is dissolved by nitric acid, hydrochloric acid, 
and even acetic acid, a property by which it is distinguished from 
sulphate of baryta A solution of phosphate of lime m phosplioi ic 
acid lus been presenbed in rickets, a disease which indicates a defi- 
ciency of earthy phosphates in the system The phosphate of soda, 
,iKo, is given ns a mild aperient , its taste is saline, but not disa- 
greeably bitter. 

Plmyihates . — ^Thc formation of three classes of jihosjihales from 
die three basic hydrates ol phosphoric acid, affords an cvccllent illiis- 
tiation of the formation of compounds by siibstilntiou , the (luantity 
of fi\cd base, such as soda, with winch pho‘'|ihone aeid combines in 
llic liiumd way, being entiicly legulatcd by llu' pioporhon of water 
pirvioiisly in union with the acid, which is simply rcjilaccd by the 
lived base T'hus, the protohydiate of pliosphone acid combiiios 
mill no more than one, and the dcutoh^dr.ilc with no more than Iwo 
ciiiiivolents of siTda, although a laigei <|iiantity of alkali be added to 
i( 'flic excess of alkali remains ficc Again, su|)])osing an ccpiiva- 
Icnt quantity of the tcrhydiate ot pho&phoiic and in solution, and 
one equivalent of “^oda added to it, one equivalent only of watei is 
displaeed, and two retained, and a pliosphate formed, eontainiiig one 
of soda and two of water a^ bases, the salt alreaily adverted to 
under its old name of biphosjdiate of soda Let a second equiva- 
Init of soda be added to this salt, and a second basic equiv.ilciit of 
mdiT is dis])hiced, anil a tnbasie ‘i.dt produced, containing two 
(/f soda and one of water as bases, which is the common phosphate of 
'■oda of pharmacy A third equivalent of soda ,ulded to the last salt 
disjdaces the last remaining equivalent of ha'-ic watci, and a Inbasic 
phosphate is formed, of which the whole three equiv.denls of base 
■ire soda, and which has the name of subphosjihale of soda Hut 
this last salt am unite with no more soda The same thiee salts may 
jie formed by means of tlie trib.isic jihosphatc ot water, in another 
manner That acid hydrate decomposes chlorjde of sodium, but only 
to a certain extent, expelling hydcochlonc acid, so as to acquire one 
of soda, and becoming /JIIO NdO + VOj, oi the biphosphatc of soda 
aheady referred to , the same acid hydrate apjilied to the carhoimtc or 
the acetiftc of soda, can assume two proportions of soda, displacing 
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twice as much of the weaker carbonic and acetic acids;, as of the 
drochlonc acid, and so becomes lI0 2Na0 + P0g, or the foininou 
phospliate of soda, and ilic sime acid hydrate applied to tlie h\. 
dnite of soda (caustic soda), assumes three of sodii, and bccomps 
3 NaO + POg, or the siibpliosjiliatc of soda 

From soluble tnb.isic phospliatcs, such as those mentioned, n^o- 
luble salts may be precipitated, wluch arc likewise tnbasic, by suldmir 
solutions of most metallic salts Thus 1 ccpiivaleiit of the comuuiii 
jiliosjihate of soda, .uided to tlie nitrate of silver in excess, decomposes 
3 equivalents of it, and produces tlie yellow liibasic jihosphate ol 
silver, as explained m the lollowing diagram, lu which the name of i 
substance is understood to express one cqmvalcnt of it, and the 
figures, iiuinhcrs of equivalents — 


Beforn (Iccoiiipositiuii 


Pliospliate 
of soda 

3 Nitrate 
silver 


2 Soda 
Water 

Phosphoric acid 

2 Nitnc acid 
Nitiic acid 

3 Oxide of silver 


After decomposition 

7 2 Nitrate of soda 

- Nitrate of water 



—^Phosphate pf silver 
(Tnbasic phosp silv ) 


TTcre, then, is exact mutual decomposition, but it is attended wi(li a 
phenomenon which docs not occur when other neutral salts ilcconi- 
posc each other. ’^Plie iKpiid does not remain neutral, but bccoim-s 
highly acid .ifter prccijntation , the icason is, that one of tlie new pro- 
ducts is the nitrate of watei, oi liydratcrl nitric acid , and conse([uciilly 
the products, although neutral m eomposilion, are not neutial to lest 
paper 

The pyiojihosphatc of soda, which is bibasic, decomposes, on tlie 
other hand, two proportions of nitrate of silver, and gives a pyrophos- 
phate or bibasic phosphate of silver, which is a white precipitate, thus— 

Before decomposition After decomposition 

Pyrophosphate c 2 Soda ^ 2 Nitrate of soda 

of soda i Phosphoric acid ^ 

2 Nitrate of r 2 Nitnc acid . . 

silver 1 2 Oxide of silver ____^Pyrophos of silv 
' (Bibasic phos sil ) 

Here there is no salt of water among the products, and consequently 
the liquid is neutral after precipitation. 

The metaphosphate of soda, w'hicli is monobasic, like the svlphatc«, 
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nitrates, and othei familiar salts, decomposes like these but one pro- 
portion of nitrate of silvci, and forms a white precipitate , thus — 


Jlefore deconiposiligii 

Mctaphospli ( iSoda • 
of soda t Phosphoric acid 

Nitrate of f Nitric acid 
silver 1 0 \ide of silvct 


After dcLumposiliuii 
Nitrate of soda 



-Motaphosphatc of silv 
(Moiiob.isic plioti. silv ) 


If acetate or nitrate of lead be 'substituted for nitrate of silver 111 
(liLse decompositions, a tribasic, bibaMC, or monob<isit salt of le.id is 
obtained in tlic same manner , and thc-.c salts, a^rani, decomposed by 
liydrosulphunc acid gas, aflord respectively the tciliydrate, denloliy- 
(li.itc, and protohydiate of pliosjiboiic .icul 'L'he stitfinent of the 
dccoinposilion of the metajiliosphatc of le.id by hjdro&ulphunc .icul 
Mill be suflicicnt to explain how a liydrato of jihosphonc acid comes to 
be lormed m all these cast s — 


Htforc clccompoaitioii 

Mctaphosi.!, 

„fW 

CLead 


llydrosulph 

acid 


vlfjdrogcii 

JSulphur 



After tli,( oinpositKiii 

Ml ta])lios|)li ol ivatei 
(Ihotohydr ol plioc) <« ) 


SiJphule of lc.u!. 


It will be observed that the liydrosulphunc acid forms 1 etpiiv.ilent 
ot 11 .iter, at the same time th.it it throw s dow n the sulpliide ol le.id lii 
Ibis phosphate of lead, there is only 1 e(|uivalent of oxide ot lead, 
.iiid consequently only 1 cc^uivalciit of wutei is loinicd, but if Ihctc were 
2 or 3 equiyalcnts of oxide, there would be 2 or 3 etimvaleiits 
ol water lormed aud conveyed to the .icid , or the plio^jiliorie .icid is 
always left m combni.itiou with as nuny ctpiiv.ilciits of watcT ,is it 
preuously possessed of oxide of lead Tims the diftcrcnt hydrates of 
pliospliono acid arc obtaiued from the decomposition of the corres- 
ponding phosphates of lead 

In no decomposition of this kind is there any transition from one 
class of phosph.ites into another, because the decompositions arc 
<jhv.iys mutual, and tlic products of a neutral character Hence an 
‘Oguineiit for retaimiig the trivial n.ijnes, comKioii phosphates, pyro- 
pliosphates, and metaphosphates, hv there is no cliangmg, 111 dccoin- 
IKJsitions by the hmnid w<iy, fiom ctie to the other, and tlic stdts 
comport tlicmsclves so far qnitc as if they had diflerent acids The 
cireumstances may now be noticed 111 which .1 tiaiisitioii iiom the ouc 
class to the other does occur — 
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Ist. — Clianges without the intervention of a high temperature 
When solutions of the metuphosphate and pyrophosphate of water are 
warmedj tlicy pass gradually into tlie state of common phosphate 
comhnmig with an additional quantity of w^ter , and the metaplios- 
phatc of water appears thou to become at once common phosplmte, 
without passing through the intermediate state of hydration of tin. 
pyrophosphute The mctapliosphatc of barjta also, which is an in- 
soluble salt, IS gradually dissolved in lioihng water, and bi'coin<'s 
common phosphate by assuming 2 eq ot basic water The cas\ 
transition from the one ol.iss of phosphates to the other, then wit- 
nessed, foibids the aup|X)sition tliat they contain ditteient fields, (u 
diifercnt isomenc modifications of phosphoric acid. Indeed, it iriiiflit 
as well be supposed that in the protoxide and sexqm-oxidc ot non, 
the metal exists in different isomeiic conditions, because these oxiiK'', 
jiossess iiccuhar properties, and couibnie in different pro])orfioiis with 
the same acid Iron in its two oxides gives nsc to (hflerent (om- 
jiounds, because they are formed by substitution , and ])hospliori(' 
aeid in its three hydrates gives use to dilfcicnt compounds, from the 
same cause The degree of oxidation ot the iron and the degu'e of 
hydration of the acid are antirior toiulihons, due to the sjiccial inii\ 
plained aflinities w'ltli w'liich each eleiucnt or compound is niv(''ful. 
It IS remaikable that ])}iophosphatcs ol potash and of aminoma c\i"l 
in solution, and perleclly stable, but nut in the diy state Tlioso 
salts do not crystallize. The jiyrophosphate of ammonia, iiidei d, w lieu 
allowed to evaporate sjiont aueously, ajtpeais to ei 3 ’stalli/o, hut in the 
act of becoming solid, it passes into common phosphate (the biplio'-- 
pliafc ot ammonia, 2110 IVlf^O-fPOj) 

2d — Changes with llie intervention of a high temperature. If a 
single e(]uivaleiit of phosphoiic ticid, anhydrous, or in any state of 
hydration, be calcined at a temperature winch may fall short of a icd 
heat (1°), with 1 equivalent of soda or ils carbonate, the metaplio's 
phatc of soda will be formed, (2°) with 2 equivalents of soda oi its 
carbonate, the pjrophospbate of soda will be formed, and (3°) with 
3 equivalents ot soda or its carbon itc, a common phot-pliatc of soda 
will be formed Hence, the formation of none of these clas&cs is 
peculiarly tlic ett'ect of a high temjierature Again, a tnbasic phos- 
phate, containing one or two equtvalciils of a volatile base, such .is 
water or ammonia, loses the ‘volatile base, when ignited, and tlte 
acid remains in combination with the fixed base Hence, common 
phosphate of soda (HO 2 'Na 0 +P 05 ) is conveided by heat into pyro- 
phosphate ( 2 Na 0 -|-P 05 ,) the oiiginal observation of Dr. Clark , .'ind 
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the bipliosphate of soda (2110 NaO + PO^) into metiipliosphalc ot 
jjoda (NaO + POg) TJic .icid remains in combmaliou with the lixed 
base, and the salt produced may be dissolved in water without as- 
suming basic water ^ 

The metaphosphate of soda is susceptible of a remarkable conver- 
sion, by the agency of a certain tempeniturc, and exhibits a change 
of nature, without a change of composition, such .as often occurs in 
organic compounds, but rarely admits of so satisf.ictory an explana- 
tion This particular salt, in common with all the other phospliatcs, 
combifles with water, which becomes attached to the salt, in tlie state of 
constitutional water, or water of crystallization. The inctapliosphate 
of soda, so hydrated, when dried at 212°, retains 1 cipiivalent of water, 
liut that water is not basic, tor, on dissolving tlie salt again, it is 
Jound stiU to be a metaphospliatc But let tins lijdr.ited nietaplios- 
[iliatc be heated to 300°, and without losing anytliiiig, it cliangis 
coinjilctcly, and becomes a py rojihosph.itc, — the watei whicli was eoii- 
diliitional before, being now basic The formiilm of the salt in its 
t«o states exhibit to the eye the nature of tlie iuteni.il change winch 
occurs in it 

’ « 

1 — Hydrated mctaiihosphate of soda NaO POg-l- 110, 

2 — Pyiopliosphatc of sod<i <uul water NaO ll()-f POr, 

Phosphates of the foini 3Rl()-f2l’Og — The rerent uivesfiga- 
tioiis of Pleitinanu and llemieberg establish the cvistuiice of two 
new classes of phosphates, intcsmcdiatc between the monobasic and 
hibasic classes The soda-salt of the prececlmg foimula is pioduced 
111 fusing together, in a platinum crncdilc, 100 p.iits of aidiydtons 
inrophosphate of soda and 76 87 parts of melnphosphato ot soda 
tilt white crystalline mass whuh results is reduced to powder, and 
qnukly exhausted with water, tor, on long digeslioii, the onlinary 
])liosphatcs are obtained The soda-siilt is soluble in about twice its 
Weight of cold water, and has a f.nnt .ilkiihne re.iction It gives, 
pi ecipitation with nitrate of silver and with phosphate of inagiiosia, 
salts eorre‘sponding with the soda-salt, and which have not the pro- 
t»(;ilies of a mixture of pyrophosphate and mftuphosjihalc 
Phosphates of the yw/w 6MO-|-jX*Og — The soda salt wms oh- 
tniiied by fusing togcthei 100 part< by weight of pyrophosphate of 
®«da and 307 5 of metaphosphatc TJic solution is by no means 
"table, but gives, when freshly prepar<*d, a precipitate in nitrate of 
*>dvor, whi^i IS readily soluble m excess of the soda-salt, and pos- 
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sesBcs the composition^ when fused^ of CAgO + SPOj (Liebig’s 
Aiinaleii, Ixv 304 ) 

Modifications of metajihosjihoric acid. — The metaphosphates 
already described arc prepared from the moijobasic phosphate of sodi 
in the vitreous condition , this phosphate, when cooled immcih.vtoly 
from a state of fusion, remaining a transparent, colourless glass But 
if this glassy phosphate be cooled very slowly, a beautiful crjstallinc 
mass IS obtained On dissolving it in a small quantity of hot water, 
tlie liquid divides into two strata, the more considerable one continuing 
tlie crystidlme salt, and fire other a portion of unaltered mctaplijfeipli.ili, 
of soda The / iiicta^dio'.iihale, and all the Sidts dcincd 
from it, are remarkable for not crystallizing, but form liijmd or seini- 
liquid viscid Iqdrates But tlie n ystnlhne mctaphosj^ihitti of ‘.od.i 
IS described as giving beautiful crystals of the tnchnometnc sj stein, 
coiitaiiiiiig water of erj stallizatiou Its solution is neutral, ami has 
a coohng, pure, saline taste, wlule the vitreous metajihosphate of coda 
IS insqnd It is rapidly converted into the acid common phospliatc 
by boiling. The corresponding silver-salt is obtained by adding 
inftate of silver to a toler.ibly coucciitrati d solution of the soda 
salt. It IS wliitc, cryslalline, and is represented by tlie lorimtla 
3(Ag0P05) + 2110 

Phosphates wore obtained by Mr Maddrell, by adding the solution 
of sulpJiatcs of magnc'sia, nickel, cojipcr, soda, huic, baryta, alueiiiia, 
to an excess of phosphoric acid, cva[)oratnig, to expel the sulphmn, 
acid, and heating to iipwaids of 000°, in the form of a crystalliuc 
granular substance, winch were .ill monobasic They arc all aulq- 
ilrous, insoluble in water and dilubid acids, but generally dc^coni- 
])oscd by conceiitiated siiliilmne acid, and ajipear to form a class uf 
inctapliosphalcs dillcrent Irom the picceduig two The magncaian 
metaphosphates of tins class have a disposition to combine witli the 
corresponding soda-salt, when any of tliat base is jiresent m the 
phosphoric acid with which they arc ignited The double salt of 
magnesia and soda is represented by 3 (MgO PO5) -pNaO POj, 
that of nickel and soda, by G(NiO PO5) -t-NaO-tPOg). (Mem 
Chem. Soc 111 273 ) 

The only explanation which can be olfercd of these modifier 
tions of the inetaphosphonc acid, is, that they are of a polymenr 
character, such asMOPOg}- 2MO3PO5; SMOSPOg, or pcrliap^ 
even higher multiples of MO PO5 No data, however, appear to exi^f 
by which a place 111 tins polymenc scries can be ascnbed*to the rc 
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spective modifications witli any degree of certainty MM Heitinanii 
and Henneberg, who liavc lately invesfigafed the subject mtli much 
abildYj disposed to represent metaphosphonc acid by (iMO hl’O, , 
and certainly with this proportion of base constant and the phosplioiic 
acid variable, the other classes may be consistently represented — 

Common Phosphate - - OMO + 2PO5 

J’yropliospliatc - - . GMO + SI’Oj 

Pleitmann and llenucberg's newt 0 ^ 10 + IPOg 
phosphates - - -t^OMO + 5 POij 

l^Ietapliosphate . _ . GMO + CPOj 

Tlic diflcrcnt classes of phosphates aic tliiis represented a** all 
>>, \-h,isic salts, Mith a dilltrent polymeiic ticul in each, l’2Cioi 
\( Put this tlicoiy docs not embi ace the modifications of nieii- 
pliosphonc acid, nor will it serve to represent sevei.il known doiibh* 
pliosphates , such, foi instance, as the double pyroiiliospliafe of 
copper and soda, 3 (SlMaO PO 5 ) + 2 CuO PO5 
Analysis oj phosphoric and and of the phosphates — I’lios- 
pli'iiio acid is produced when tbc pcntachlondc ot phosphorus is 
llirown into water — 

PClsand 5110 = PO5 and 5 1101 

It may be inferred with certainty from tins deconipositinn, that 
phosphoric acid contains 5 equivalents of oxygen, in tlie s.ime mannei 
as the composition of pho*ij)horous acid is deduced from the decom- 
position of the tcTchloride of phosjdiorus by water (jiagc diJJS) The 
allimily of phosphoric acid for water is veiy intense, the anliydrous 
phosphoric acid taking water even fiorn oil of vitriol and ehminafiiig 
anhydrous sulphunc acid, at a high tcmjier.ituic As hydrated plios- 
phonc acid cannot be made anhydrous by heat, the projioitioii of dry 
<Kad lu d solution of the free acid is deleimiiicd by adding a known 
weight of oxide of lead, evaporating to diyiiess, and licatmg the resi- 
due, as in the jase of sulphunc acid The phosphate of lead formed 
hcuig anhydrous, the increase of weight which the oxide of lead sus- 
tains represents exactly the weight of dry phosphonc acid 
In determining the proportion pf phosphonc acid in a salt of an 
“Ikaline or earthy base, the acid, if iiot,alreacly m the tiibasic form, is 
first brought to that condition by boiling with a little nitiic acid 
!• The eiftess of nitric acid bemg then neutr.dued by ammonia, IIk* 

2 o 
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phosphate IS again dissolved in acclic acid If the solution poiifains 
no sulphuric acid noi cliloiiiio, the phosjihonc acid may he ejilird^ 
scjiarated by the addition of mtrate of lead, in the form of an nis). 
luble phosphate of lead, 2PhO 110 POg, Inch washes easih^ .ind 
loses water and becomes pyrophosphate 2PbOP()„ when c.ilduod 
(lltintz) Tins method is based upon the insolubility of iiliospli.iio 
of lead in acetic .if id 2 Phosphoiic acid may .dso be tliiown (lowu 
from the solution of an alk.dmc pliosphatc, by adding Hist carboii.ilc 
or b)drocbloi.itc of aininoma and then sulphate of m,igncs].i, wlmi, 
upon stilling the phosj)li,de of magnesia and ammonia, 

2MgO NII^0P05 + 12110, 

f.ilk as a giaimlar pncipitate This pliosphatc must be predpit.ilol 
111 an alkaline solution, and waslied with w.iler coiitaiimig lijdiiicliln 
late of ainmoiiia, a« it is very soluble in .leuls, and even soluble m ,i 
si'iisible digreo in puii' water Vnien igmleil i( loses its volatile (im 
stilucnts, anil lemams ]))iophosph.ite of magnesia, 2MgO POij ‘1 
Tlie phosplionc acid not being in combination with a bast ahull 
yiilds a pho'})liale insoliihle in acetic aiiil, an addition is made to the 
liiiuid, which may be acid, of an excess of the aci^a'te of the s(m|iii 
oxide of non The phosphate of scs(pii-o\idc of iron, rc20, 
immediately scparatisas a slightly icddisli yellow flaky prccipilate, 
whicli IS collected <ind washed upon a filler This phosphate is db 
solved ofl the hltei by a tew drops of hydrochloric acid, then tlie silt 
of non reduced to tlie state of protoxide by boiling it with suljilnle nf 
soda, and altii wards the ipiantity of iron asiert.inied by finding lio" 
mucli ot a solution of pcimaitgauale of potash of known compo'«itioii 
is required to peioMili/e the non The pLosplute ot iron heiiii; (>1 
known composition, the ipcnitity ot ])h()sphorie and i-. calciilahil 
from the iron, 2 eqs of Lh.iL metal being present m the ])hosphati lor 
I cq of pliospluuK acid or of pliosphorus, that is, 700 parts iron le 
picscntiiig 900 jiarts phosphoiii acid (Ji.iewsky and Margmiiti) 
The acetate of sesqm-oxide ot iron, winch is not permanciu, is Ik'' 
prepared cxlcmpoianeously from solutions of iOO pajts ol lum-.ilnni 
and of 98 parts of acet.de of soda in etpial (quantities ot w.itu, ol 
xvlnch equal volumes^ are mixed at the moment the acetate of iron J" 
rcijuired , 
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111 descnbiiig the various classes ot phosphates, with then rela- 
tions to each other, I have hceii thus mmute, partly because consi- 
ilerahlc explanatory detail was required, from the extent ot the 
■jubjcct, but principally for the sake of the light which the phos- 
phates throw upon the constitution of the class of oig.mio .ickK, 
rind upon the function of water in many compounds riuleed, phos- 
phoric acid 13 one of tlic links by which innu'ral iiiid oiganic oom- 
poiiiids arc connected And it may be leasonably supposed that il 
IS iliat jihaiicy of constitution which peculiarly adapts the phosphoiic, 
,il)Ove all other mineral ncids, to the wants of thi' amni.il economy 


PHOSPHORUS avo hyorooi'N 

Suhd hi/(h kIo of pho\phnui\, Pjll — Alagiins toimcd .i phosphide 
of potassinm by tusing phosphoius and jiot.issnnn iindei iiaphtlia 
hen tins compound is thrown into w.iter, .i cornjiouiid of jilinsplioriis 
and h)drogeii precipitates m the foim of a yellow powder The solid 
hydmlc of pliosjihorni becomes red wlicn exposed to light, it does 
not shine in tlicvVrk, nor take (ire below 320° (100° C ) It is in- 
soluble 111 water and alcohol, and is decomposed hy .ilk.ilu's, with tlie 
lonn.itiori of oxide of pliosphouis, lice liydiogcn, g.iscnus pliosphurt'tU d 
Indiogcn, and a hypojihosplute 

Phasphu} cited hydiotfcn '/ns, ifj 1*} ot 237 5, PIIj — Tins 
gfSj which is remarkable foi its ocCiUsiornil spontaneous iiiflamm<ibility 
in air, was discovered by Gengcmbrc in 17H3, iind has been suceis- 
'•ncly investigated by several chemists Its tine nature w.is first 
ascertained by Rose, who pioved it to be ,i compound Imving the 
same proportion of liydiogcn as aminoiiiacal g.is, with jihosphoins in 
the [)l,ice of nitrogen T'lic pine g.is is obtained by lie.iliiig hydr.itid 
l)hos])horous acid, which is rcsoUed into jibnsplniK'tted liydiogeii and 
hidiated phosphoric acid thus — 

4(3H0 + P 03 ) or i^HO and 4PO,=Pir, and !)lIO-h3P()5 

• 

.The gsis so prepared does not iiiH.amc spoiit.ineously wlieri allowed 
l<) escape into air, but kindles when alight is applied to it, and but ns 
"dll the wdiite fl.ime of phosplionns A htfh' air .idtled to the gas, 
"Inch had no effect at first, has been olieerved to jiroducc ()cc<isioiialJy 
explosion after a time The gas consists of 1 volume of phos[)horus 
'apour am? 6 volumes of hydrogen, condensed into f volumes, so 
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that it has the same combining' measure ns ammoniacal gjis 
density is 1185. Pliosphuicttcd liydrogeii has a disagreeable allm- 
ceous odour, is but slightly soluble in water, and has no alk.iluu* 
reaction. 

The same gas, in a self-inflammable state, is obtained by boilinjr 
phosphorus with nater ami an excess of hinc, or in a strong soluium 
of caustic potash, m the fiask A (fig 140), at the water-tiough I) 
The first ellccl is the form.ilion of hypopliosplute of hme, imUi tlm 
evolution ot pliosphuK'ttcd hydrogen gas 

4P and 3CaO and 3IlO=Pn3 and .‘JCaO-|-3PO 

Pliosjihurettcd hjdrogcn is again evolved, lint miKinl with a eon- 
sidcrahlc ciuanliiy of free li^diogcii, when llie liyih.itcd liypopho'.plnlc 
of Iiinc is evaporated to dryness, phosphate of hme being tlic icsulii.iu 
product. 


Ik, 140 



Each bubble of g.is on escaping into an takes liic^^ and piodan- 
a beautiful while wreath of smoke, consisting of p]ios])lionc acid 
Tlic spontaneous inflammability is due to the presence of a small 
quantity of the vapour of a hqpid compound of phosphorus and 
hydrogen, and was first explained by M P Thenard. 

Phosphuretted liydrogeii decomposes some metallic solutions, sml' 
.as those of copper and mercury, and forms metalhc phospluiK" 
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When the gas is pure, it is entirely absorbed by sulpimte of copper 
and by cldonde of lirac With hydnodic acid, phosiibiuctted 
hydrogen forms a crystalline comiiound, ivliicli is intcicsting from its 
analogy to sal ammoniac It may be prepared by iniMng togctlier 
its constituent gases over mercury, or more easily by intiodiiting 
into a small tubulated retort 60 parts of dry iodine iiitli 15 ot 
jiliospliorus finely granulated, and mixing these bodies intiftiately 
with pounded glass, 8 or 9 parts ot iiater are then added to the 
inivtiirc, and the vapours winch immediately come off are allowed to 
iscai)e by .i glass tube ojien at both ends, adaptinl to the beak of the 
rutoit, in winch bcautitnl small ci}stals of the salt condense, ol adia- 
niond lustre Hose observed that these rr>st.ils do not bdoiig to the 
Itcgular System, and aie, theidorc, not isomorphoiis with sal am- 
moin.ie They aie decomposed by watei, iiith evolution of phos- 
plnnettcd hydrogen 

I’liosplinrettcd hydrogen combines also, like ammonia, viith 
llio juTchloiides of tm, titainnm, chromium, non, and aiiinnoriy, 
toii'iiiig idiitc saline bodies The eoinbinaiioii ivnli bithloiidc 
ol hn IS decomjiofacd, with escape ol the gas in the iion-iiillaimnalile 
slalc, by water, and in the b])ontancously uillaimn.il)le comhlioii by 
solution of aminoina 

Liquid hydndo oj jdioydiotus, PITg — Tins substanee, wlncii 
lias discoveied by M Paul Thenard, is obtained by exposing the 
plLosphuicttcd liydiogen gas, evolved by the .iclion ot water, <it 1 10° 
(00° C ) oil the phosphide ef calcium Cajl’, (o a fice/ing niixtnre 
in a condensing tube It is a culouilcss li([nid, of liigb refiactiiig 
power, winch docs not free/c at — 1° ( — 20° C ), hut winch a li ni- 
peiatnic of + 80° (30° C ) is sulTiriciit to di eoinposc It is lesolved 
under the iiitluencc of light into the gaseous and solid Jiydiides of 
lihosphorus 'flic same deeomposition is produced by cont.ict with 
icry diircTcnt siibstaiiees, sudi as alcohol, oil of tuipcntiiic, liydio- 
cldoric acid, and many pulveiulcut matters 

I'his compound is one ot tlu most iiillaininable substances known, 
taking fire spimtancously m an, and binning willi a da//ling tlame 
The most inniulc trace of its vaponi, (hlliismg iiilo the ditleicnt 
coinhiistiblc gases, such as hydrogen, carhoiiitj oxide, lyaiiogi n, ole- 
fiant ga«, SLc , eommiimcates to fhem, as it docs to pliospini retted 
hydrogen, the property ot inllaming spoiitaucously in <iir or oxygen*. 


* P Thtnard, Annaks dc Chcmie, 3me si r xiv 6 
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PHOSPHORUS AND NI'iHOOEN 

Both clilorulea of phosphorus absorb ammoiiiacal giis, and ionn 
solid white compounds The combmdtion of the terchlonde coiil.niis, 
equivalents of animoiiia, but that of the pcrclilondc was imi 
found* equally dcJiiiite When exposed to a strong red heat, Mitlunit 
across of oxygmi, these compounds leave a white amoqihous bofh, 
which nas supjioscd to be a nitndc of phosphorus, It is 

most easily prepared by transmitting a stream of dry carbonie acid 
gas over the ammoiudcal compound, m a tube of hard glass, heated 
by a eharcoal fiie, so long as vapours of sal ammoniac sublime 

Tins substance, which is remarkable for its fixity, is not soluble m 
any menstruum, nor acted upon by dilute acid or alkahne solutions 
It IS not aflcctcd even when heated m an atmosphere of chlorine ot 
sulphur, but is decomposed when heated in hydrogen gas, with the 
formation of ammonia 

Atcoidiug to M Gcihardt, the pentachlonde of phosphonis ab- 
sorbs ammonia, wuth the evolution oi some liydroclilonc acid, and the 
loruiation ot a compound PCI 3 (NH,)® The nitride of phosp]iorii'« 
also contains hvdiogcn, and ought to be represented by the forimihi 
PNaTl its formation from the perchloiide of phosphorus and am- 
inoina taking jilacc accoidmg to the equation — 

PCI 5 and 21IjN=5IICl and PNJI 

'I'his (oiiipoiiiid, I'AjII, mIikIi is named Phvs[)ham by Gcrhaull, 
IS docom])osc(l by lii-ion with hydialc of ])otash, and conveiteJ into 
ammonia, and the oulinaiy ])ho''phate of potash. At a high tciii- 
])('ratuTc water acts upon pliospliain, giving rise to ammonia and 
phosphoric acid 

PHOSPHORUS AND SULPHUR, SULPHIDES OP PHOSPHORUS 

Phosphorus and sulphui combine in all propoilipns, with the 
{'volution of much lic.vt, and sometimes witli explosion These 
clemeiils most safely unite under hot water, of which the temperature, 
however, must not exceed 160°, for otheiwisc h^ drosulplmnc aiul 
phosphoric acids may be pioduced with such rapidity as to occasion 
till explosion The compounds obtained in this maimer are of a \uh‘ 

* Hose Aiinalcs dt (him clikPhvsJiv ^75 
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^('llo^v colour, — more fusible and more iiifl.imm.iblc than pliosphm ns 
itself They we te su])])opl (1 to be iiulcfimtc iii conniosilioii , but 
Hii/cliiis litis shown that they form a sent’s of sulphulcs oI phos- 
])linrns corresponding iji roinpositiou with the oNides, with one 
siil])hide additional They are repi csented by the formula' — 


Siihsidphide, 
Protosulphide, PS 
Tersiiljdiidc, PS^ 
I'eiitasulphide, PS, 
l\rsal])hidc, PS,^ 


corresponding with Ovide of Phosphoius, P/) 

" " llypophosjjhujous Acid, IH) 

“ “ Phosphorous Acid, PO^ 

" " Pliospliono Acid, P(), 

without an oxygen .inalogiie 


These eompounds may all he loiimd directly hy tiismg sulphur and 
jiliosjilioius togethei in the lecjuisilc pinptulions, and are gi nciall} 

< iistallizahle The teisulplnde was oin;maUy ohtained hy Seiiillas 
In the action of hydiosulphuiic .u id upon the teuhloiidc ot plios- 
plioms They aic insoluble m wati'i, aleoliol, oi ether, but com- 
1)1 1 < rCtulily with allvalmc sulphides, and (oim sines of siilphni -sails 
(oiicsponding with the liy[)ophosplitt<s, phosjilutcs, ,md phosphates 


SECTION X 

( iiLoiariK 

Eq 35 5 0 / tt‘J 75 *, Cl, 2110 , f ]J 

Tills Mibslaiice was diseoveiod by Scheele in 1771 , but was be- 
li«‘\cd to be ot a eompound iialuie, till C.iy-Lnssae and Tlnn<iid, in 
I shewed that it might icasonablv he eoiisideied a simple sub- 
stance It IS to the poweilid advocacy ol l)a\y, however wlio 
niteic'd upon the investigation shoitly atteiw.uds, thai the islahlisli- 
iiient of the elementary characlci ol c'hloniie is jiimc i[).illy due, and 
to him it is.iTidehted toi the name it now hi, ns, wliii h is di nii d 
lioin yellow ish gieeii, and iclcis to its loloui .isagas, cli- 

eiiiitaiy bodies being gineialh named fioni some lemarkablc ipialily 
or mipoitunt ciTriimsIaiue 111 the*i histoiy Cbloiinc is the lending 
Jiieinber of a well-maiked natiual ^imily, to wdiicli also biomiiu, 
•odine, and lluoiiiie bihnig Phosphoius, caibon, liydiogun, stiljilnii, 
and most of the ptecednig oleuiciitary bodies, liiive little oi no action 
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upon eat’h otherj or upon the mass of hydrogenous, carbondcrous, 
and metallic bodies to which they arc exposed in the matenal worlds 
all these substances being too similar in nature to have much ,dh. 
nity for each other But the class to which chlorine belongs ranks 
apart, and, with a mutual indifference to each other, they cxlnbit 
an intense alhuity for the members of the other great and prevailing 
class — an affinity so gcncial as to give the chloiine family the cli.i- 
racter of cxtraorchnaiy chemical activity, and to preclude the ])osh- 
bility of any mcmbci ol the class existing in a fiee and iiiicomhincj 
st.ite m nature I'lic compounds, ag.iin, of the chloniic class, with 
the exception of those of ffnorme, are reinark.dilc for solubility, aiul 
coiiscijueiitiy tmd a jilacc among the saline constituents of se.i wat^r, 
and are of comparatively i are occurrence iii the mineral kingdom, 
with the single exception of chloiidc of sodium, which, besides hi mg 
2 )reseut iii Luge (luanlity in sea water, forms extensive beds of rock 
salt in certain geological formations 

P)(‘jKiiatioii , — The fuming hydrochlonc acid or munatic acid (as 
it IS also c<dkd) of commerce, is a solution in water of hjdrochloiic 
gas, a comiiouiid of chlorine and liydrogon, fioin wlycli clilorme gas 
IS easily procuicd The liberation of chlorine results from contact 
of the acid named with binoxidc of inaiigaiicsc, <iiid the reaction 
winch thou occurs is made most obvious in the following mode of 
conducting the experiment — A few ounces of the strongly fuipiiig 
hydroclUonc acid arc introduced luto a flask a (fig 141), with a 


Fig 111 



perforated coik and tube b, ujioii whicli a bulb or two have been 
expanded, and that tube is eoriiiccted, by means of a short caoutchouc 
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tube, V'ltli the drying tube r, containing fragments of clilonilc of Cid- 
tiuin, tiiid the last i^ connected in a similar inannci with the c\it 
tube d, which descends to the bottom of a dry and emjity bottle e 
F])on tipplying the spyit lamp to a, the liquid in the tla*ik soon 
begins to boil, and the hydrochloiic gas passes oil, depositing, per- 
haps, a little moisture in the bulbs of h, which may he kept cool by 
vet blotting paper, and being completely diied iii passing tlirougli c. 
It ^ conveyed by d to tbc bottom oi the bottle e, and tiiially escapes 
and jiroduces white fumes m the atmosjiheie, after displacing the air 
ot that bottle The hydrochloric gas is .obtained in e unclcinged, 
and will redden and not bleach a little bine infLision of litmus punud 
into e Ihit between the tube < and d, let aiiothei tidw' he now inter- 
posed having a pairoi bulbs blown upon it / AwAy (tig 112), one of 

I'lG 112 



IV Inch /contains a quantity of pounded anhyihous binoMdc of inan- 
gaiiese, the bottle <> leiiuuiimg ashctoic Then, upon .qipl^ing lie.it 
to the manganese bulb/ the hydrochloiic gas wdl he loiind to sutler 
decomposition as it traverses lliat bulb, its liydiogeii uniting with the 
owgeii of the manganese, and iorining wain, wluch will condense in 
(hops in q, and disengaged clilonuc jiroceeds on to t, in which that 
gas will be perceptible from its yellow tint, and moie so by bleacliing 
^Uc infusion Af reddened litmus remaining in c If the transmission 
•of hydrochloric acid over ilie binoxnle of inang,ine‘>e be continued for 
sufiicicnt time, the latter loses all its o\ygen/aiid the metal remains 
ni the state of protochloride Iiftleed, only one halt ot llic chlorine of 
the decorajioscd hydrochloric gas is libtaincd as g.is, the otlior liall 
being Tctamcd by the manganese, as will appear by the following 
diagram* — 
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PUOCKSS FOTl CllLOllINE FIMJM IIYDUUCHLOIIIC ACID AND UINOXIDI’ of 

Artcr dccoinposilioii 

-rChloniie 
-Water. 

.Chloride of maiigaiiese 
-Water 

Or 111 symbols MnO,H- 2IIC1 = MiiC’l and 2TIO and Cl 

The most coiiveineiit mctliod of |ncpaiiiig cbloiine gas is In 
miMiig 111 ii llask A (lig 113), I pait of biiioxide of manganese wiili 

Fio 14.1 



4 parts of hydrochloric .icid, diluted with 1 of water Effervoscciire, 
Iroin escape of gas, takes phicc iii the cold, but is greatly proiimldl 
by the application of a gentle heat The gas is collect'd in C o\<i 
water, of which the Icmpeiature should not be less than 80° or 00^, 
otbenvise a gicat wa^tc of the gas occurs from its solution iii tu<‘ 
\iater, and also a consccpient anwiyancc to the operator from the 
escape of the ehloiiiic into thet atmosphere, by evaporation from fliG 
surface of the walci-tioiigh If the gas is not to be used iniincdiatcn, 
but piescrvod, it should be collected in bottles, into whidli, win a 


MANGANESE 


D(.foro decomposition 
Hydroclilone t Chloniie 

acid nijdrogcn 

Binoxideofinaii.C^^J^^;;;;,^^; 

ir.incsc j ” 

“ k t gen 

Ilydi o( hlonc cChloriiic . 

acid Hlyliogcii 
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filled with the gas, their stoppers greased should be inserted before 
tliry are removed from the trough llpforc the gas obtained by this 
process can be considered as pure, it should be trcinsiuitted llirongli 
iiatcr in a wash-bottle IJ, to remove liydrocliloiic acid If the gas is 
to be dned, it must be sent through a tube cont.iining cblonde 
(if calcium, of two or tbice feet in length, some difficulty being expe- 
nciiccd in drying this gas in a perfect mtiiiiier, owing to its low 
(liffiisive power Cliloiiiie cannot be collected over mercury, as it 
( oinbines at once with that metal 

A somewhat ditfcreiit process foi the jneparatioii of cliloniie is 
generally followed on the large scale About (j p.!!!-. of manganese 
with 8 of common salt arc introduced into a l.irge le.ubsi vessel, of a 
idriii nearly globular, as represented (fig 143), and 5 or G lect m 
diameter, and to these is added as much of the n neon cent i ate J sul- 
piiunc acid of the leaden chambers as is equivalent to 1.5 jiarts ol 
(111 of vitriol 'I’hc leaden vessel is placed in an iron pan, or has an 
enter casing, d e (lig 144) , and to heat the materials, stc-nn is ad- 
Fia 141 mittcd by d into the spiice Ix'twcen the 

bottom and outer casing In the 
figure, which is a section of tlic leaden 
retort, a represents the tube by winch 
the chlontie escajics, b a large opening 
for introducing the solid malts lal co- 
vered by a lid or water valve, its edges 
clipping into a channel containing watei, 
c a twisttd leaden funnel for intro- 
duciiig the acid,/’a w'oodcn rigitator, and 
e a discharge tube, by which the waste 
mateiuds arc run off after the process is finished A retort of lead 
CcUiiiot be used with safety with binoxidc of mang.iiicse and liydro- 
chlonc acid for chlorine, owing to the action of the acid upon the 
lead, and the evolution of hydrogen gas (which produces a spoil- 
laneously-cxplosive mixture with chlorine), or, it is said, of euchloniie 
III the rcacticAi which occuis iii the leaden retort, it may be supposed 
cither that hydrochloric acid is first liberated from cliloride of sodium 
hy sulphuric acid, and afterwards decomposed by binoxide of man- 
ganese, as in the preceding experfment , or that sulphates of man- 
ganese and soda are simultaneously formed, and chlorine liberated m 
i-oiisequence, as stated m tlie following diagram, in which tlic nainea 
express (as usual) single equivalents — 
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rROCESS FOK CIIIOHINI- FROM CHLORIDE OF SODIUM (COMMON 
salt), BINOXIDL OF MANGANESE, AND SDLl’HURIC ACID 


Before decomposition 


Clilonde of 
BodlUll) 


f Clilomie 
Sodnun 


Suljdmnc acid Sulphuric acid 
Bitioxidc of f ()\) grii 

maiigaiiPBc iPiotux nuuigan 

Sulpliuric acid Sulphuric acid. 


After decomposiliun 
-Clilonue. 


Sulphate of soda. 
.Sulph. of mangaiu'ee 


Or 111 mbols . 

NaCl and 2SO3 and Mii02=Na 0 SO^ and MiiO SO3 and Cl 


A new manufactnnng process for chlonno has lately been appliwl 
by Mr. C Temiant Dunlop, in which the use of binoxide of in,m- 
gaiicse IS superseded by mine atid One crpiivaleut of intnc and is 
found to communicate two e<puvaleiits of oxygen to the liydrocldonc 
acid, and thus evolve two ccpnvalcnts of chlonnc The deconip()>.ul 
nitric acid is evolved in the form of mtrons acid vapoui ISO,, .ind it 
18 an essential part of the process to absoib that vapour by nuMiis of 
sulphunc acid, and to iiilioduce the nitrous acid m this form iiilu 
the leaden fhamber 

PKjjwifu‘<t — Chlorine IS a dense gas of a pale yellow cohinr, 
having a peniluir sullocatiiig odour, absolutely iiitolirablc even iihea 
largely diluted ivitli air, and occasioning gu at iriil.itioii m the tiaduM, 
with coughing and oppicssion of the clicst Some relief fiom lla -l’ 
effects is experienced from the inluilatioii of the vajioui of ether 01 
alcohol 'riie density of chlorine gas is, by expenment, 2170 — by 
theory, 2110 Under a pressure ot about 4 atmospheres, cliloiinc 
condenses into .i limpid liqind of a brigltt yellow colour, of sp gi 
about 1 :J‘ij and uliicli has not been fio/eii Water at G 0 ° dissobes 
twice its volume of this gas, and .icqmics the yellowish colour, odoiu, 
and other propeitics of chlonuc To form clilorine-watci, a stout 
bottle filled WTth tlie gas at the water-trough, may hi closed ivitli 
a good cork, and removed to a basin ol cold water on loosening thq 
cork w itli the mouth of the bottle under w atcr, a little water w ill 
enter it, from the contraction of the gas by cooling , and tins wafer 
m.iy be agitaled m coiitart w/th the gas by a lateiid movement ul 
the bottle without icmovnig it from the water, on loosening fhe 
coik again, more water will be found to enter the bottle, ahd by re 
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peatmg the agitation and admission of water, tlic whole gas (if pure) 

]>, absorbed, and the bottle la m the end filled with water, which of 
roiirsF contains an equal volume of cldonne gas. With iviiter neai 
its freezing point, chlonjic combines and foims a ciy't.illiiio Iqdi.ite, 
^liich I’araday found to contain 10 cqs ot watci Hence chloniic 
gas cannot be collected .it .dl over water below 40° Evpo'ii'il to 
light, cldonne water soon loses its pi operlies, watei being deeompobcd 
and hjdrochlone acid formi'd, with the evolution ot o\ygen gas lint 
it may be preserved for .i long time in an opaque bottle projierly 
closed When diluted so fai tli.it the Wiitcr docs not coiif.im .ibovc 
1 or Ij per cent of its bidk of chloiine, the odoui is by no nie.iiis 
strong, and such a solution may be (“inployed in bltMclinig witboiit 
inconvenience to the workmen, although a combmalion of ehloiinc 
with hydrate of lime, c.dlcd the ehloiide of lime, is gi'iier.illy pic- 
ferred for that purpose 

Chlorine does not in any circumstances unite diieetly with oxygen, 
.iltboiigh several compounds of these chnnents can bo formed , nor 
is t known to combine dnocfly with nitrogen or Ciiibon Cbloriiic 
.ind hydrogen gjises m.aybe inixc'd and prcfeervcd m the d.irk without 
innlnig, but coinln nation is determined with explosion by spongy 
]A.itinnra or the electric spatk, or by exposure to the direct rays of 
the sun ; even under the diffuse liglit of day, combin.ition of tlie 
giiscs takes place rapidly, but wilbont cxjilosion Cldonne, mdeeil, 
has a strong affinity for hydiogeu, and decomposes most bodies eon- 
taining that clenieiit, li}dro*hlone and being alwajs formed In 
Ijluiigiiig an ignited t.qier -into cliloiin* giis, its flame is eximguislied, 
but the column of oil} vapour nsmg Irom tlic wick is rekindled by 
the chlorine, <ind tlie hydrogenous p,ut of tlic combustible continues 
fo burn with j red and smoky ll.niie, winch expires on removing flic 
ta[KT into air Paper dqipcd in oil of tuqinitiiic lake's fire spon- 
taneously 111 tins gas, .Hid flu* oil burns, with tlic depositum of a I.irgc 
cpiautity of c.iibon Tin' affinily of eliloniic loi most metals is 
icpially great antimony, aiseinc, and sevir.il otliers, showered iii 
powder into ibis gas, t.ikc fire, and produce a brilliant combustion. 
Cldonne is absorbed by alcohol and many other org.nuc substances, 
when it generally elimiii.ites more or less bycirogeri, as liydrocliloric 
•icid, and enters also by substitution into the onginal compound, m 
the place of that hydrogen. It bloachcs all vegetable and animal 
colounng matters, and is believed then generally to act in that m, 'inner 
The colofirs are destroyed and cannot be revived by any treatmc iif 
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A stream of chlonnc gas, thrown mto a bottle of dry nmmoiiur.il 
gas, produres a jet of fl.imc fnjm the combustion of the hydiog(‘ii of 
the ammonia When chloniie is jusscd through tlu; undiluted soln. 
tion of ammonia, the same detomposition tal^cs pLiee, and the ri ,i( . 
tion IS cl convemciit source of nitrogen gas (page 323) 


rio 115 



The arrangement rejnesented lu lig 145 m.iy be used foi this 
purpose It coiisi'-fs of a large globular flask A, in which clilonnr 
IS evolved Irom the usual materials, two Mash-bottles, 15 and C, 
contcumng solution of ammonia, the fii4 placed m a bfism of cold 
M.itcr to repress its tempi ratine The nitrogen evolved 
through a U tube, E, contaninig fragments of pumice impregiialiil 
Mitli a, solution of caustic jiotash, to absorb .luy chlorine that ru.iv 
escape the action of the ammonia, and tlie gas is finally collceted in 
bottles, E, fiUed with ivatcr acidulated with hydrochloric acid, to 
absoib the vapour of ammonia with winch the nitrogen is acfom. 

Chlorine when free is easily recognized by its odour and bleacliiin; 
power, and by producing both when free and m^thc soluble 
chlondes, with nitrate of silver, a white curdy precipitate of chloride 
of silver, Avhich is soluble in ammonia, but not soluble in cold oi 
boiling nitno acid ^ 

f/jvrw — Cliemistry has pres^jnted to the arts few substances of 
which the apphcations are more valuable Chlorine is the discolour- 
ing agent of the modern proce-ss of blciiching, winch, as it»is gone- 
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RiUy conduct^'d with cotton s^oocU, consists of the follmMiii; opcni- 
tioiiii The clotli, after being well w.islicd, is boiled liist m bme- 
naler and then lu caustic soda, winch leinove from it certain lesmons 
inattcTS soluble in alkab. It is then stisipedin a solution of cbloude 
of bmc, so dilute as just to taste distinctly, w^hicli lias little or no 
|)C‘i(eptiblc effect m ivliitenirig it, but the cloth is afterwards thrown 
into water acidulated wdb sulphuric acid, of sp gr between 1 010 
and 1 020, when a minute disengagement of ebloiine talvcs pl.iee 
tliroiigbout the substance of the clotli, and it imini'diatcly assuini's 
,i bleached appearance The cloth is boiled a second time with 
caustic soda, and digested <igain in ddiite ddoiide of lime and in 
dilute sulphuric acid, as belore The acid f.ivouis the ble.iching 
ndion, and is rctpnrcd besides to icinovc the raustic alkali, a portion 
(»I wliitli adlieris pertinaciously to the cloth The fibi(‘ of the 
flolli IS not injured by dilute sulpburie acid, altboiigb digested in it 
lor (lays, provirh'd the cloth is not .illowcnl to diy with the acid in it, 
or left aboic the surface ol the li(|uoi Ihit it is vciy neeess,uy to 
wasli w'dl after the last soumu/y to get rid of (viiy tiacc of aeid, 
with winch \ieii;^tbo cloth may be p<usscd through warm water as a 
lire ( aul loiiary measure 

(Ihloniic IS had lecouise to in dismh fling tin waids of hospitals 
Mr Faraday, in fumigating the MiUhank I’einteiitiaiy, loiiiul that a 
mixture of 1 part of common s.dt and 1 pait ol the binoxide ol 
iiiang.inese, when acted upon by 2 parts of oil ol vitriol pnwiously 
mixed xvith 1 pari of water (all by weight), and h’ft I ill cold, pro- 
(liuid the best lesidls Such a inixluie, at 00", m slnillow pans ol 
red ('artliciiware, liberated its chlonne gradually but perh'ctly in foui 
(la\s 'Hie salt and manganese were xu'll mix('d, and used m chaige's 
ol dj pounds ol the mixture The acid and water wcie mixed in a 
wooden tub, the w.itei being put in fir^-t, and then about half tlic 
add iiftir cooling, the othei half was added 'I'lic jiropoi’tioiis of 
w-ilet ,iiid acid are 9 measures of the lormei to 10 til tho latter. 
(Magazine of Science, 1840, p 204) 

fV/Zw/ /fc/c'js •—Chlorine combines witli all the metals, and iii the 
same proportions as oxygen M itli the exception of the chloiidcs 
of silver and lead, and subcldoridcs of copper and mercury, these 
compounds are soluble and sapid*, and they possess iii an eminent 
dcgice the saline character TndccdJ common salt, the chloride of 
■'odium, lias given its name to the class of salts, and chlorine is the 
fype of salt-radicals or halogemm (salt-producing) bodic'i Ohio- 
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ndes of metals belonging to diffcn'iit classes often combine togctlipr 
and form double clilondesj tlie chlorides of the potassium fiitmh, tii 
particular, with some rhlondes of the inagiiesiaii family, as iiith 
chlondc of co])pcj, with chloiule of mercury, lyith both the chlorides of 
tm, and with pcrchloridcs generally. A cldondc and oxiile ot flip 
same metal (excepting the jiotassium family) often comhme togi'tlu r, 
forming oxithlot ides, whuh aie m general iiisoluhle 

Chlorine it. also absorhed by alkaline solution^, and combiiiahniis 
arc formed which bleach and exhibit many of the properties of the 
free element Tlie chlorwic in these compouiuls, and also m ihy 
chloride of lime, formed by exposing hydrate of lime to chloime gis, 
IS now generally allowed to exist as hypochlorous acid 'I'licy aie not 
permanent compounds, and the cliloniie cvcntnally acts upon tin 
metallic oxide, so as to produce a chlondc and a chlorate of the iiu I j], 
as will be afterwards exiilaiiicd 

The following chlorides of the non-mctalhc elements will now bo 
particularly desenhed — 


Ilydroclilonc acid . II Cl 

Hypochlorous acid . Cl O 

Peroxide of chlorine Cl 

Chlonc acid ... Cl Og 

Hyperchlonc acid . Cl Oy 

Chlonde of nitrogen N Cl^ 

Clilorocarbonic acid CO Cl 


Chloride of boron . P Cl^ 

Chlonde of sihcbll . Si Cl, 
Chlondc of sul])hur Sj Cl 

Piehloiide of sulphur 8 Cl^ 

Tcrchl of ])liosphorus P 01., 

Pentachl. of phosphorus P Ch 


HYDllOCHLORTC ACID. 

Syn, Chlothydnr and, Munntic acid, Ey 3C 5 or 
ClII , density 126!) 5 , 


This acid IS one of the most frequently-employed reagents m chi' 
mical opcMtioiis, and has long been known under the James of spirit 
of salt, marine acid, and munatic acid (from munas, sea-salt), h 
was* first obtained by J*nestlcy in its pure form of a gas m 1772 
Pteparation — Hydrochlonc ao?d is always obtained bjthe aclioti 
of od of vitriol upon common salt When the process is conducted 
on a small scale and in a glass retort, .3 parts of common salt, 5 od 
of vitriol, and 5 water, may be taken The oil of vitnol being mix' il 
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With ^ parts of the water m a thin ilasir, and cooled, is poured upon 
tlic salt contained in a capacious retort A (fig. 146) A flask B, 


Fm 146 



rontaining the remaining 3 parts of the water, is then adapted to the 
letort as a condenser Upon appljiiig heat to the retort, hydro- 
tlilonc acid gas comes off, and is condensed in the receiver, affording 
an {ujueous solution of the acid, of about sp gr 1 170, which con- 
tains 3t per cent of diy acid^ while bisulpliate of soda rcniairis in 
tliurelort Supposing 2 eijuivalints of oil of vitriol and 1 of chloride 
oI sodium to be employed, wliieh the pieeeding proportions rejircsent, 
IliPii the rationale of the action is as folloivs — 


PROCESS FOR IlYDROCIII OIIIC ACID — 


Jlcfore decomposition 



After di composition 

58 5 Chloride of 

Cldorme 

. ) 5 

■>^36 5 hjdroc aeid 

sodium 

, Sodium 



9 

Hydrogen . 

. 

s. 

'I'O Oil of vitr. 

Oxygen . . 

8 — ^ 

X 


.Sulphu acid 

. 40 

—^71 siilph. of soda 

49 Oil of vitriol . 

• • • • 

. • 49- 

49 sulph of water 


156 5 150 5 150 5 

Or m symliols • NaCl and HO S 03 =HC 1 and NaO SO 3 + IIO SO 3 

2 H 
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Tlic hydrochlonc acid coming oft e^taily and at a low tempcratuu*^ 
when 2 eqs of sulphunc acid are useil, is obtained at once pure .uul 
free from sulphunc acid 

Tins process is moic economically conducted on the large scale, as 
for nitric acid (fig. 109, page 31-7), in a cast iron cylinder, about 5 
feet m length and 2} in diameter, laid upon its side, which 
moveable ends, generally composed of a thin paving stone cut into a 
circular disc and divided into two uuctiual segments A charge of 
tlircc or four hundred pounds of &alt is introduced into the letoit, 
and after the bottom isdicated, sulphuric acid, as it is ivitlidrawn 
from the leaden chambers, is added m a gradual manuci by raeaiw ol 
a long funnel, and iii proportion not exceeding 1 equivalent foi ihp 
chloride of sodium In such circumstances, the low'cr part of tliu 
cylmdci exposed to the sulphunc acid is not much acted upon, w lull 
tlie roof of the cylinder is protected from the hydrochlonc acid tuiiu'!. 
by a coating of fire-clay or tlim bricks The hydrochlonc acid gas is 
conducted by a glass tube into a senes ol large jars ol salt-gl.i/i 
ware, connected with each oilier hkc Wolfe’s bottles, and containing 
water, in which the acid condenses 

Ptojte/tm . — Hydrochloric acid is obtained in the state ol gas b\ 
boiling ail ounce or two of tlio fuming aipicous solution in a small 
retort, or by pouring oil of \itiiol upon a sm.dl quantity of salt ui a 
retort, and is collected o\ii incrcuiy It is an invisible gas, ol a 
pungent acid odoui, and piodiices wlutclumcs, when allowed to esi ajic, 
by conilensuig the moi'liuc in the air • Uy a prc'-sure of 10 alinos 
phci&s at 50°, it IS condciisfd into a Injiiul ot sji gr 1.27. It i'' 
quite irrcsjnrable, but much loss uiit.alingtli.iu cblonni' , it is not ili 
composed by heat alom, nor w hen lieated in contact with charcoal 
ITydiochloiic acid cxtingiiislics combustion, and is not made to iiinti 
with oxygen by lieat, but wlitii electric spaiis arc passed tluougb a 
niixtmc ol tills gas ,iiid oxygen, decomposition takes jdace to a sinall 
extent, w\iter being foiiiicd and cldormc liberated It is compose'! 
by volume ol one combining mc.isurc, or 2 volumes ol each of it? 
constituents, united without condeusation , so that its combniinit 
me.isure is 4' volnmos, and its theoretical density 1269.5. It may be 
formed directly by tluh union of its elements 

If a lew drops of xvater or a frjtgmcnt of ice be throwR up into a 
jar of hydrochloric acid over nioicury, the gas is completely absorbcil 
in a few seconds, or it a stout bottle filled with tins gas be closed bv 
the fiiigei and opened ujidei water, an nistautaiicous condeflsation "f 
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till' ga'5 takes place, water rushing into the bottle at. into a v.icuiuri 
I)r Thomson found that 1 cubic inch of water absorbs 418 cubic 
iiulich of gas at 09°, and becomes 1 34 cubic iiicli llecoiistiu(Aed 
Hr following t.ible, froir\ cxpcnmoiit, of the specific gravity of liydro- 
clilonc acid of determinate strengths* — 


HYDROCHLORIC ACID 


Uoins of Welter 

Heal Acid in lUO 

Spi < till 

Atuins of 
Wntci to 1 
of A. 1.1 


Specific 

^ to 1 of Acid 

uf Ulc liquid 

Gi.ivily 

of till liquid 

Giavit) 

: (. 

40 fiG 

i 201 

IL 

22 700 

1 KKiO 

1 7 

37 00 

1 179 

IS 

21 512 

1 lOOS 

; 8 

33 y j 

1 H.2 

16 

20 1 12 

1 0960 

' <j 

31 Si 

1 149 

17 

19 1.71. 

1 0902 

10 

2i) 13 

1 139 

IS 


1 0660 

11 

27 21 

1 1285 ' 

19 

17 790 

1 0820 

13 

U 

2) i‘2 
2103 

1 1197 

1 1127 

20 

17 051 

1 07S0 


'fo this may be added the following useful table, foi wdiich we aie 
iiulibtcd to Ml. E Davy — 
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hpccilic 

Gravity 

(luaiiliiy uf Acid 
per cent • 

1 

1 .Spet ific 

1 Gtivily 

1 

Uiuiilltyiil Vciil 
per ecu! 

1 21 

42 43 

i 

1 10 

20 20 

1 20 

40 80 

1 09 

18 IS 

1 19 

38 18 

1 1 08 

16 16 

1 18 

30 16 

1 1 07 

nil 

1 17 

31 31 

1 Of. 

12 12 

1 16 

32 12 

' 1 05 

LO 10 

1 15 

30 10 

1 1 01 

bOH 

1 14 

2S 28 

' 1 01 

6 00 

1 13 

26 26 

1 1 02 

l-Ol 

1 12 

21 24 

1 1 01 

2 02 

1 a 

• 

22 22 




It thus appeals tliat the stiongcst li^drocldoiic and th.it c.iii bo 
easily formed contains six eqs of water tins liquid allows acid to 
'-■scape when evaporated m an, and conies, accuidiiig to an ohseivatioii 




* Fiibt rruLU2Jlc» uf Chemi&ljy 
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of my own, to contain 12 eqs of water to 1 of acid Distilled m a 
retort, it waa found, by Dr. Dalton, to lose more acid than watei till 
it attained the specific gravity 1 094, when its boiling point attained 
a maximum of 230°, and the acid then djstilled over uiichimgcd 
Dr. Clark finds by careful exponraents that the acid, which is uiitd- 
terable by distillation, contains 16 4 equivalents of water. 

The concentrated acid is a colourless liquid, fuming strongly m air, 
highly acid, but less corrosive than sulphuric acid; not poisonous 
when diluted Tt is decomposed by substances which yield oxygen 
readily, such as metallic peroxides and mtnc acid, which cause an so- 
lution of cliloniie, by oxidating the hydrogen of the hydroclilonc 
acid A mixture of 1 measure of nitnc and 2 measures of muriatic 
acid forma aqua reyia^ which dissolves the less oxidable metals, sue h 
as gold and platinum. 

The hydrocliloric acid of commerce has a yellow or straw colour, 
which is generally due to a little iron, but may be occasionally pro- 
duced by organic matter, as it is sometimes destroyed by light 
Tins acid is rarely free from sulphuric acid, the presence of winch h 
detected by the appearance of a white precipitate ol sulphate of bar)t.i 
on the addition of chlondc of barium to the hyilroclilonc atid 
diluted with 4 or 5 times its bulk of distilled water. Sulphiuoii'. 
acid IS also occasionally present in commercial hydroclilonc acid, ami 
IS indicated by the addition of a few crystals of protochlondc ol tin, 
winch salt decomposes sulphurous acid, and occasions, after standim; 
some time, a brown precipitate contayiiiig suljihur in combination 
with tin (Girardtn) To purify hydrochluric acid, it may be dilutiJ 
till its sp gr IS about 1 .1, for which the strongest acid requires an 
equal volume of water , and with the addition of a portion of chloritle 
of biUium, the acid should then be re-distilled As the acid brings 
over enough of water to condense it, Liebig's condensing apparatus 
(fig 28, page 63) can be used in this distdlatioii The pure acid thus 
obtained is strong enough for most purposes, and has the advantage 
of not fuming m the air. Hydrochloric acid, like chloniie and the 
soluble chlorides, gives with nitrate of silver a wliitc^urdy prctipi 
tatc, the chloride of silver, soluble in ammonia, but not dissolved by 
hot or cold nitric acid 

Hydiocliloric acid belongs to ^tlie class of hydrogen acids or 
liydracids. On neutralizing (his acid with soda or any other biisic 
oxide, no hydrochloratc of soda is formed , but the hydrogen of the 
acid with the oxygen of the soda forming water, the chlennc and 
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sodium combine, and produce a metallic chloride Zinc, and the other 
jiiotals which dissolve in dilute sulphuric acid, with evolution of hy. 
(Irogen, dissolve with equal facility m tins and, with the same evolu- 
tion of hydrogen, and a chloride ot the metal is then formed 

COMPOUNDS OP CIILOHINE AND OXYGEN. 

Chlorine and oxygen gases exhibit no disposition to combine with 
each other in any circumstances, but this is not inconsistent witJi tlieir 
forming a senes of compounds, as mtrogeirand osygen, which exliibit 


a similar inditleieiicc to each other, also do. Tlic oxides of chlorine 
arc five m number, namely — 

Hypochlorous acid .... 

CIO 

Chlorous .icid .... 

CIO 3 

Peroxide of cldonno, or Ilypocliloric acid 

CIO4 

Chlonc acid 

CIO 5 

Perchlonc acid 

CIO- 


Hvpoclilorous and chlonc acids arc always pnmanly formed by a 
reaction occurring between chlorine <ind two diH'ercrit classes of me- 
tallic oxides, and the chlorous and perchloric acids, again, are derived 
from the decomposition of chloric acid. 

lIYPdCIILOKOUS ACID. 

t 

Eq 43 5; CIO, density of vajmit 2977, j | | 

The discovery of this comjiouud ni a separate state was made 
by M. Balard in 1834 * It was obtained by acting with cliloime 
upon the red oxide of mercury If to a twn-poiind bottle of cliloniic 
gas 300 grams of red oxide of mercury m fine powder be added, 
with 1 -^ ounces of water, the cldonue will be found to be raindly ab- 
sorbed on agitation One portion of the cldormc unites with the 
oxygen of the metallic oxide, and becomes hypochlorous acid, which 
IS dissolved by the water , while another portnin forms a chlonde with 
the metal, which chlonde unitra with a portion of undecomposed 
oxide, and for ms an insoluble oxichloride. The hquid may be jiourcd 

* Anuales dc Chiin ct de Plijs. Ivii 225, or Taylor’s Scientific Mciiioin, vol i 
P 269 
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off and allowed to settle • it is a solution of hypoclilorous aciil, mih 
generally a little clilondc of mercury This reaction is expressed m 
the following diagram — ■ 

r 

FOUarATlON OF lIYPOCHLOItOUS ACID. 

Before dccompo^iition After decomposition 

CMonne Chloime Hypoclilorous acid 

OMdcofMcr 

Clilonnc . Clilonnc Chloride of Mer 7 j 

Oxide of Mer Oxide ot Mcr - Oxide of Mercury) | 

Or in symbols* SCI and 2ITg0 = C10 and IlgCl HgO 

But the oxichloride foi rned sci'm** not aln ays to coiilam Ihc same {)io 
portionof oxide The proportion of hypoclilorous acid in the licpiid ni.iv 
be increased by introducing the same solution into a second botUc of 
chlonnej with an additional (piaiitity of icd oxide of mercury 
oxide of zinc and black oxide of coppei, diffiiscd lluougli watci, iml 
exposed to chloimc, give use to a similar formation of hypochloioiis 
acid * 

If red oxide of mercury in fine ponder be added to cliloiiiK' 
water so long as the oxide is dissolved, a solution of liypochloroiis .u nl 
and clilondc of mercury is formed, without any insoluble compound 
201 and ngO=ClO and IJgCl ((iay-Lnss,ic) 

On the other hand, hypoclilorous acid, tiec from water, and m llu 
liquid state m.iy be obtained by passing 'diy chlorine gas iii a gr.idii.il 
manner over red oxide of mercury m a glass tube a b (fig 147) , e.iio 


Fici 147 



being taken to prevent elevatidn of temperature, by surrounding lb*' 
tube with fragments of ice, or immersing it in cold water, as otherwise 
nothing but oxygen will be disengaged The chlorine is evolvi d 
from the usual materials in the flask A, passed through water m fb® 
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iiash-bottlc D to arrest any liyclroclilonc acid, and aftcr^^ardb dried 
]ii a chlonde of Cidciuni tube C Clilondc of mercury is fomiod .xa 
111 tlie other procesaes, and a jelloxv g.is, which is licpiclied iii tlie 
hi'iit tube T), kept cold by a freezing mivture of ice and s,>lt The 
oxide of mercury which answers best for this expeiimcnt isihat pie- 
fipihited from chlonde or iidrate of mercury by potash, uashed and 
(hied ata temperature of about 572° (.‘J0()° C ) — llcgiiaiilt’s Tiaite 

llypocliloroiis acid is a Inpiid of an oiaiige-jellow colour, u Inch 
boils at about 6b° (20° C ) Its i apoiir is of .i ]i.ilc j cllow colour, veiy 
siinilcii to chlorine It is composed of 2 uoluniis of ihloriiie and 1 
lolmiie of oxygen, condensed inlo 2 volumes, whicli gives a theo- 
retical density of 2992, while 2977 has been obtained by experiment 
II IS resolved by <i slight elevation of tempera! lire mio its corislitiiciit 
gases, a property ivhicli allows it to be aiial\/ed, by di iLimiiiiiig the 
pioportioiis of tlio mixed cbloiiiicandowgdi gases Watei dissolves 
about 200 volumes of this gas, and assumes a line yellow colour 

Ifipocblorous acid is also formid wlieii clilorme is absoibed by 
weak solulions of alkalies and by hjdiate of bme, and, as llie .u id of 
I he qIiIui possesses < onsidei ablt mteresi ft dis- 

plaees the carbonic aeid ol alkaline caibon lies, but bus not imidi 
aiialog\' to other acids Its taste is evtiemcly stioiig md aeiul, but 
not sour, and its odour iienefiatiiig and dilleient bom, allboiigb 
siinewliat smiilai to, diloimc It attacks tin epuleunis like imin 
arid, and is exceedingly eoviosive It bleaches instantly, like diloiine, 
ami is a poweifnl oxidi/aiig ^geiit A conccntiated solnlioii of il is 
ixceidingly unstable, small bubble's of dilnrnie g.is being spout. i- 
iieoii'ly evolved and cliloiic acul loinied Tins deeomiiosilioii is 
lainnoled by the presence of aiigulai bodies, siidi ns pouuded gl.iss, 
and also by beat and light 

th the elcmentaiy bodies, hjdiogeii tins no action ujion hypo- 
eliloious add. Sulphur, selenium, pliosphoeiis, and aisenie, act upon 
ii with great energy, and arc all tif them raised to tlidi highest 
(Icgiec of oxidation, with the evolution of eliloniie gas, sc'ldimiii 
< \en being o«nvcitcd into seleiiic acul, although it is only converted 
into selcmous acid by the action ot nitiie ,wid Iodine is also con 
' erted into iodic acid Iron filings decompo^sc it immediately, and 
flilorinc gas comes ofl Coppci* and merrnry comhine with bolli 
elements of the acid, and form oxichlflridcs Many other metals aie 
nnt acted upon by it, unless another acid be present, sucli as /me, 
bn, antifnony, and Icticl Silver has a different action igion hyjjo- 
‘blorous acul from that of most bcxlies, combining with its ciiloiini', 
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and causing an evolution of oxygen gas Hydroclilonc and hyjio. 
chlorous acid mutually decompose each other, water being lonnod 
and chlonne liberated , if the liquids are both cooled to a very low 
degree, before mixture, the clilonnc is not disengaged, but combi iips 
with water to form the hydrate of chlonne, and causes the liquid to 
become a solid mass The presence of soluble clilondcs is equally 
mcompatiblo with the existence of hypochlorous acid. 

Hi/^mchlontcs , — The direct combination of h^ poclilorous acid witli 
powerful bases is accoinpamed by heat, which is apt to convert the 
hypochlorite into a mixture of cliloratc and clilonde , but by adding 
the acid in a gradual manner to the alkaline solution, hypoclilontcs 
of potash, soda, lime, baryta, and strontia, may be formed, and may 
even be obtained m a solid state by evaporation m vacuo, if a con- 
siderable excess of alkali be present, whicli ajipears to give a certain 
degree of stability to these salts They bleacli jiowerfully, and tlmi 
odour and colour arc idciitic.illy the same as ilie corrcspondiug dexo 
lounzmg compounds of chlorine, foimed by exposing solutions of the 
highly basic ovides named to chlonne gas, fiom which it is imposMblr 
to distinguish them by then physic d pioperties ^JVlien rbloniin, 
then, is absorbed by a weak solution of potasli, without hedt bting 
apphed, the hypochlorite of potash is formed, with cliloiidc of potas- 
sium, both of which remain m solution — 

2 Cl and 2KO=KO CIO and KCl. 

The hypocliloi ill's 
are salts of a vci> 
changeable coiistitu 
tion , a slight m- 
noasc of tcrapein- 
turr, the inducncc 
of solar light, cvi n 
of diffused light, con- 
verts t^em into clilo- 
ndc and cliloratc 
The euthlonne 
gas of Davy, to 
which he assigned 
the composition -of 
hypochlorous acid, 
has been found to be 


rio 148 
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a mntuie of chlonne gas and chlorochlonc acid That mixture is 
obtained by the action of hydrochlonc acid of sp gr 11 upon chlorate 
of potashj aided bya gentle lieat It hasa very ycUowcolour (euchloiiiic), 
and explodes feebly when a hot wire is mtioduced into it, becoming 
nearly colourless when the chloroclilonc acid is decomposed A tube 
retort A, (fig 148), is employed for the evolution of this gas, and it 
IS collected m the phial J3 by displacement. 


CHLORIC ACID 

t 

Eq 75.5 or 943.75, IIOCIO 5 

"Wlicn a stream of chlorine gas is transmitted tliroiigli a strong 
solution of caustic potash, the gas is absorbed, and a solution is 
formed which bleaches at first, hut loses that property without any 
escaiie of gas, and becomes a mixture of chloride of potassium and 
diloiate of potash, the latter of which, being the least soluble, sepa- 
rjtes 111 slmniig tabular crystals Five c([uivalents of potash (the 
(iM(le of potassium) arc decomposed by (5 of clilonnc, 5 of which 
imito with the potassium, and foim 5 ('(piivalciits of chloride ol jio- 
tassiuin, w'hile the 5 of oxygen fonn chloiic arid witli the rcmaiinng 
ctjuivalent of chlorine, as &t<ited lu the following diagram, 111 winch 
the numbers express ee^uivaleiits — 

ACTION OP CHLORINE UPON POTASH 


Rrfore decomposition 

5 Chlonne 
5 Potash 


Chlonne 
Potash . 


5 Chlorine 
5 Potassium - 
5 Oxygen 
Chlonne 
Potash 


After decomposition 
5 Chloride of potassium 


-’-Chloric acid") Chlorate of 
Potash J pot.Lsh 


Or in symbols. 6C1 and 6KO=KO.C]Os and 5KC1 Such is the 
nature of the action of chlorine upon the soluble and highly alkaline 
metalUc oxijes, when their solutions arc concenliatcd, or heat 
applied. 

The chlorate of baryta may be formed by transmitting cbloniie 
through caustic baryta m the sam^ manner , and from a solution of the 
pure chlorate of baryta, chlonc acid may be obtained by the cautious 
addition of sulphunc acid, so long as it occasions a precipitate of 
sulphate xif baryta. The solution may be evaporated by a vciy gentle 
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hpat till it becomes n syrupy liquid, wlucli has no odour, but a ven 
acid tiiste, is decomposed above 100°, and when distilled at a <till 
higher temperature gives water, then a Tni'cturc of chlorine and ow. 
geii gases, and h}pcielilor]c and, which la»t and may be prepan d 
lu tins way without ditficulty Chloric, like nitric acid, is I'ot bn. 
lable, being incapable of existing except in combination witli w.itn 
or a fixed base This and first reddens litmus paper, hut .ifter a Imu' 
the colour is hle.ichcd, diul if tlic acid has been highly conceiihalul, 
tlie pajier oftrn taken fire Tt dissolves /me and iron willi dbi'ii. 
gagemeiit of liydrogcn Chloiie acid is decomiin^cd by hidtoi liloiir 
and, with cscaja' of chlorine, and by most comb list ililc bodies ainl 
acids of the lower degiccs of oMilation, siuh as sulphurous iim) 
pliosphorous aeids, which oxidate thomsi'bes at its expense 

Tills acid, when fioe or in eomlnnalion, may be rccogni/ed In 
seveml properties It is not pienpit.iled by chloride of baiiiiin oi 
nitrate of silver, and its salts have no bleaching powder, snlplniiK 
acid causes the disengagement (rom it of a yellow gas, ha\inir,i 
])eciiliar odour, whieli bh'aelies stiongly, and its salts, uhpji lipaiid 
to redness, alfoul oxygen, and defl.igiatc with coinbii^tibli's 

— This class of salts is leinaikable for a general sdii 
bility, like the nitrates Those of them w Inch aie fusible detonate n ii li 
extreme violence with combustibles The chlorate of potash, nl 
whicli the preparation and ]iro])eities will be desenbod iindei the ''jIN 
of potash, has become a familiar clinnieal piodiicl, being largdv eon 
Slimed ill the maniifactuic of detlagiaUng mixtuics Tlie cliloi.dc' 
WTre at one time termed Jn/fwiu} ifninutitcf,, and their acid, il'c 
( xistcucc of winch was originally observed by Mr. Clicnevix, w.b tad 
obtained m a scpaiate state by Cay-Lus'.,iL. 

The composition of chloric acid is asceitained by decomposing a 
known quantity of cliloiatc of potasli by lieat, and ascertaining tin 
loss of weight which IS due to the expulsion of fi eqs ot oxvirin 
The chlondc of potassium which forms the fixed residue is dissolved, 
and the chlorine precipitated by nitrate of silver The clilornie i' 
thus obtained in the form of chloride of silver, of whitfh the coinpe 
sition IS known The^clation between the c(|mvalcnts of eldoniH' 
and oxygen is also established by the analysis of the chlorate oi i>ni 
ash (Note, p. II 1) * 



OIITjORINU 


PEllCIILOmC ACID 

E(] 91,5 or 1143 75 , 110 CIO, 

Till"? acid, winch 13 also named Iiypcrchloric and oxichlonc .irul, i', 
obi.nncd from chlorate of potasli m diircrciit ways At Hut paiticii- 
1 u point of the decomposition of chlorate of potash hy lie.it, wIkmi the 
(solution of oxygen is about to become veiy violoiil, the fused salt is 
Ilia pasty state, and contains, ,19 was (11 ■^t observed by Seiiillas, a 
considerable cpiantity of pcicbloialc, tbe o\jgcn c\tiic.ited from one 
[loition of cliloiatc being ictamcd by anolbci portion of tlie same salt 
Tins salt IS rubbed to powder, and dissolved m boiling water, from 
ivliich the pcTcbloiatc is fiist deposited, on cooling, owing to its 
sparing solubility It is stated by M Millon, that fiom 50 to 5 5 
p(‘r cent of percbloiate may be obtained by sto]iping wIk'h 0 liLcis 
of gas (5S0 c 1 ) arc collected fiom 100 giiiniiiu's (1513 giains) ol 
tlilorato, instead of 13 liters* The same sail may also be piepaied 
by throwing cliloiatc of potasli, iii liii<‘ powdei, and well diied, iiilo oil 
ot vitnol gently heated in an open basin, by a few giams .it n linu', 
wlicntlie liberated chloTie acid resolves ilscdf into pmoxidc of chlmine 
and hypcrchlonc acid, the foiinei coming olf .is .1 yellow gas , thus — 


liFSOnUTION OP CUI.OIITC ACID INTO PEUOMDE OF CllUmiVIl AMI 
IIYPERCIir OUIC ACID 


Ttcforc ilccMimpoBitioii 


3 Chloric acid 


' Z Chlorine 
H Oxygon 
7 Oxygen 
Cliloruic 



Vftci liccoillpositiuil 

^=—2 Perox chloiiiie 



Ilyperchloiie ,icid 


Of tl e 3 equivalents of potash, previously in combiiialioii ivitli fb<' 
fhlonc acid, one remains with liypercbloric neid us liy])crclilorate ot 
potash, and tbe other two .sre converted into bisuljih.iti' of potash 
The whole re»ction between tlie acid and Srdt may, therefore, be thus 
i’\ pressed — 

S(KO CIO5) and 4(110 SO,) = 2CKV.nid KO CIO, 
and 2(110 SO, + KO f^Og) and 2HO 

In conducting this operation, the greatest caution is necess.iry. 


♦ Annates dc Chim 3c Str vii 33^ 
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owing to the explosive property of peroxide of clilonnc , for if tlie 
order of mixing the substances be reversed^ and the acid poured u[)oii 
the chlorate^ or if too much chlorate be added at a time to the ,l(u 1 
a most violent and dangerous detonation may occur liut tlii*. re 
action IS chiefly interesting as aflbrding peroxide of eli]oMii<‘, lof 
hypcrclilorate of potash may be obtained from chlorate by the at tioti 
of nitric acid, lately observed by Piofcssor Penny, m itliout danger or 
iiiconvcmeiice The chlorate is tianquilly decomposed in mtiu at id 
gently heated upon it, the chlonnc and oxygen of 3 equiv.ih iit> of 
peioxide of cbloniic being evolved in a state of mixture and iiol ol 
combination tlic saline residue consists of 3 ctpnvalcnts ol mtiale 
and ] of perchlorate of potash, winch may be separated by di'^soUmg 
them in the smallest adequate quantity ot boiling water On coohngj 
the perchlorate separates in sniall shining crystals, winch may be 
dissolved a second time to obtain them perfectly pure 

Perchloric acid may be prepared from the last salt by boiliiiK it 
w'ltli an excess of lluosihcic acid, which forms, with potash, a salt 
nearly insoluble After cooling, a clear liquid is di'canted and evapo- 
rated by the water-bath To eliminate a small cxccsii of hydi oil none 
acid, a little silica in fine powder is added to the luiuid, winch al a 
certain degree of concentration carries olf the former as fluosihcic acul 
After being still further concentrated, the acid liquid may bo distillul 
m a retort by a sand-bath heat A very dilute acid comes over fiist 
but the temperature of ebullition rises till it attains 392°, after winch 
the receiver should be changed, bccau'ie what then passes over is a 
concentrated acid of sp gr 1 05 This ncid is a colourless licpiid 
winch fumes slightly m the air It may be still farther conceiitralcd 
by distilling it with 4 or 5 times its weight of strong sulphunc acid, 
when the greater part of it is decomposed mto chlonnc and oxjgcn, 
but a portion condenses in a mass of small crystals, and also ni hnig 
four-sided prismatic needles termuiated by dihedral summits, which 
were found by Scmllas to be two difiercnt hydrates of the acid, the 
last containing least water and being most volatile The crystals and 
the concentrated solution ot the acid have a great aflln.ty for w^ater, 
the acid itself (CIO^) |ppcaTs not to be isoluble 

Perclilonc acid is iquch the most stable of the oxides of clilonne , 
it does not bleach, is not altered by the presence of sulphuric acid, 
and IS not decomposed by sulphurous acid or by hydrosulphuric acid 
It dissolves zme and iron with effervescence, and, m point of affm'dv, 
IS one of the most powerful acids Perchloric acid is reco^izcd by 
• producing, with potash, a salt of the same spanng soluhihty as bilai- 
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trttte of potash. It is an interesting acid from its coinpo<5itioii, and 
as being the most accessible of tlie small class contdining periodic and 
peiinaiigimic acids, to nhicli it belongs The alkaline pci chlorates 
emit much oxygen when heated, and leave metallic chlorides , tliey 
do not deflagrate so powerfully with combustibles .is the chlorates 

CHLOROUS ACID 

Eq 59 5 or 743 75 , ClOj, domily 2 64G 

• 

This IS a gaseous compound of chlorine and oxygen, nhich is not 
hqiictied at 5° ( — 15° C ), and is lliciefore leinarkablc for its fixitv 
n lias discovered and studied by M Mdhm * Chlorous aeid is 
formed bj the deoxidation of chloric and in vaiious nrcumstances 
It IS readily obtained from a mixtuie ot three parts of aiseinous acid 
and four of chlorate of potash, pnlveii/ed logetlicr, and maile into a 
thin paste 11 ith 11 atcr , twelve parts ot ordinaiy mtnc acid diluted 
null tour of water being added, the whole is introdnced into a tiask, 
uluch IS flUed t^ the neck 11 ith the mixture, and heated cautiously 
by a water-bath 

Chlorous acid is a gas of a gioonish yellow colour, of winch water 
dissolves five or six times its volume, assuiiiiiig a golden jellow tint 
of considerable 11 itciisily It bleat lies litmus .vnd indigo, but does 
not idlack gold, platinum, noi antimony It is decomposed byhc,it, 
in general at 134 6° (57° C^), into perchlouc acid, chloiine, and 
oxygen 3Cl0,=C10j aijd 20 and 2C1 Chloious acitl combines 
iiitli bases, and forms cry stalli/able salts, the allinity of this and 
some other anhydrous acids is gradually exerted, and lerpnres lime 
tor its action On pouring a solution ot chlorite of potash into a 
solution of nitrate of lead, a yellowish white piecipitate ot chloiite of 
had 13 obtained, PbO ClOj, winch is easily sul)|ected to aiialysi-, by 
transforming it into sulphate by means of sulphuric acid , or, if the 
chlonte of lead be fused in a crucible with caibouatc of soda, the 
"hole chlorinp of the chlorous acid is oblaincd in the form of c blo- 
nde of potassium, and may be piecipitfited from an acid solution by 
lulrate of sdver, and estimated as chlonde of mIvof 

A-ccording to M Millon, tlic gas which fotras when chlorate of 
potash 13 treated with hydrochloiic a«d (eucldonne), ought to he 
considered a compound of chloric and chlorous acid, 2C10g ClOj 


Anunleg de Cbuii 3 ecr vii 
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It IS named thlot nchlouc acid Another double acidj wlnrli 
Milloii has named chlnropcrchlot tc acid, is foimed when hunml 
chlorous acid is exposed to light, and coudeiises as a ted liqiiK], 
% CIO7.CIO3 

PEBOXIDE or CHLOMNE. 

Ily^ochloiic acid, cq 67 5 or 843.75 CIO^ 

Tins substance cannot be obtained in a state of punty without coji 
■sidcrablc danger. Gay-Ljissac rccoinintnds, in piepaiuig it, to mi\ 
rhloiate of potash in the state of a paste with sulphuric acid jac- 
viously diluted with half its ivcight of water and cooled, and to (ImiI 
the mixture in a small retort by a uatcr-bdtli It comes olf as .iq.is, 
of a yellow colour considerably deeper tli.in chlorine, which CiUiiiol 
bo collected over mercury, as it is instantly decomposed by that u 1 et. 1 l, 
nor over water, which dissolves it 111 large quantity It is composed 
of 2 volumes of chlorine with 4 volumes of oxygen, condemsed into 1 
volumes, which gives it a density of 2337 5 This gas is decoiii 
posed gradually hy light, but between 200® and 21^2® its elements 
stqiaratc m an nislaulaiieous mauuei,with the disengagement of light 
and a violent explosion, which bieaks the vessels Water dissohis 
about 20 times its volume ot this gas the gas itselt is hquehod liv 
cold, and foinisa led hquid, whuhboils at 08° (20° C ) Itbli.KlK' 
damp litmus paper, witliout first reddening it, and is absorbed b) 
alkaline solutions with tlie totm,ition of a mixture ol a chlorate .lud 
chlontc. Tlus coinpoiind, then, leseiuhles pei oxide ot nitrogen, ]Nt) 4 , 
and IS not a jicculiai acid, hut m.ny he repie'^ented as a compound ul 
ehloiotis and chloiic acids 2 C 104 =C 10 j + Cl 05 

Peioxide of chloiitic has a violent .ictioii ujion combustibles, kia 
dlmg phosphorus, sulphui, sugar, and othci combustible substances 111 
contact with which it is evolved Its action upon phosphorus iii.n 
he slioMii by llirowing a diaclim or two ot crystal 
lizcd chloiatc of potash into a deep toot-glass (tig 
150) filled with cold water, to the bottom of wliul> 
the salt tails without any loss by solution Oil of 
vitnol is then conducted to the salt, in a sinah 
stream, fioin a tij,be funnel, the lower end of whicli 
has been diawii out mto a jet with a minute ojieii 
mg A gas of a lively yellow colour is cvolvid 
with slight concussions, and immediately •dissohnf 
by the water, to which it imparts the same colooi- 
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Ifj while tlus IS occurnng, a jiiccc of pliosplionis be thrown into the 
„lass, it IS Ignited by every bubble ol g,is evolved, and .1 bid bant 
combustion is produced undei the water, fomiiig a beaulilul L\])ei i- 
incjit wholly without danger. If a tew grams ot cldoratc of potash 
m fine powder and lorif-sugar be inived upon paper by the fingers, 
(1 Libbing tlie^e substanees together m a mortar niiy be attended with 
a dangerous explosion), and a single, drop of sulphpiic acid be 
JloMod to fall from a glass rod upon the mixture, an instantaneous 
deflagration takes place, occasioned by the evolution of the yellow 
gas, which ignites the mixture Captain Maiiby used to tire m this 
uiaiinei the slnall piece of oidinincc, which lie jiroposed, as a hft- 
{LFcscrvei, to throw a rope over a stranded vessel fioni the sliore , .uid 
the ScUiie mixture was afterwards employed, wdli sulphuric add, in 
\anons tonus ot the instantaneous light-niritcli, allot which, how evin, 
are now sujiciseded by other mixtures ignited by liiction without 
sulphuric acid 


CIILOinUE AND ciNoxum 01- Mmooi^.N, 

Ml E Davy a'))pe<us fust to have obt, until a gasi'ons eonipoiind of 
iMoiint and biiioxidc of mirogcii m IS if), ami a coininnalioii ol (he 
sdiiK constituents was distilled from «i/«« and li(]utlitd by M 
Bauilriiiioiit ill 181'3 It IS oiilj lately, liowevir, that the natuie ol 
the mutual action of mtiic and hydiocliloiit acids has been lully ex- 
pl.iinid by the investigations ol M Gay-Lii'sac 011 aipia regia 
(Ainidlcs de Climiit, 3uic sci \xni 203, 01 , CJicmical O’.i/ette, 
1818, p 209) 

W hen intiic and hjdrochloiio acids arc miscil, a reaction soon 
toiniuenccs it the acids aic conccntiatcd , the luiuid becomes ol a led 
eolniir, and etrcivcsccnce takes place, fiom tin cscajic of eliloime and 
a ililoio-mtric v.iiiour (hi passing tins gaseous inntnre tlirough a 
1 tube, the angle ol wlnili is immused 111 a liee/iiig niistnie of leo 
< 111(1 salt, the chloro-mtiic compound condenses as a daik-colourcd 
biliml, and IS thus separated Iroin the Irce clilonne which jj|CCom- 
paiued it * 

( hlo! o-niti ic acid, iXOjCla — This lorms the principal part of the 
cliloTO-nitnc vapour it may be represented as ft piToxide of mtrogen 
'u which two equivalents ot oxygen arc^ replaced by two equivalents 

tlJonne A third c((Ulvalent of chlorine, due to the third iijni- 
'aleiit of tfxygcn yielded by the nitric acid, is disengaged .is gas, and 
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13 the agent by which aqua rcgia dissolves gold, platinum, and other 
metals having a weak affinity for oxygen, converting them into 
clilondcs . the chloro-mtnc acid takes no part in the action Tins 
compound is also formed by the mixture of, the two gases m equal 
volumes, which assume a bnlhaiit orange colour, and sulFer a con- 
densation amounting to exactly one-third of then* ongmal volume 
The theoretical density of this vapour is 1740 2 

Chloro-mttous acid, NOjCl — This second compound, which 
corresponds with nitrous acid, NO3, always appears simultancouslj 
with the other in vanabic proportions It is a vapourous liquid of 
similar properties, of which the vapour density is inferred to be 
2259 4 The vapours of both compound^ when conducted into 
water, are instantly decomposed into liydiochlonc acid and peroxide 
of nitrogen or nitrous acid — a decomposition which affords the incaii'. 
of dctenmning the proportion of chlonne which they contain The 
chloro-nitnc compounds arc also dccomjioscd by mercury, the chlonne 
combining with the metal and leaving pure buiovide of nitrogen 
The solution of the vajiours in water decolon/, es a solution of per- 
mauganato of potash, owing to Uic peroxide of riityigcn it coiitaius, 
but does not bleach iiidigo because it contains no free chlorine. 


CllLOllIDB OF NITROGEN. 

This IS one of the most forraidablo.of explosive compounds, and 
grc.it caution is necessary in its prepcualioaito avoid accidents I’onr 
ounces of sal ammoiii.ie {winch must not smell of aminal) matter or 
of nitrate of ammonia, are dissolved 111 a small quantity of boiling 
water, filtered, and made up to 3 pounds with distilled water, a two 
pound bottle of chlorine is inverted in a b.ism containing this solu- 
tion at 80°, being sujiportcd by the ring of a retort stand, witli it» 
mouth over a small leaden saucer The chlorine gas is ahaoihcth 
and, upon the surface of the IkiukI, which n&cs into the bottle, au 
oily substance condenses, w’hich, when it accumulates, precipitates 
m large drops, and is received in the leaden saucer. During the 
whole operation, the bottle must not be approached, unless the face 
IS protected by a slieeV of wire gauve, and the hands by thick woollen 
gloves ; agitation of the bot?lc, to make the suspended drop fall, is 
common cause of explosion The leaden sancer, when it contflui- 
the chlonne, may be withdrawn frohi under the bottle, without du' 
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torbmg the latter, and then no harm can result from the explosion, 
if it does not occur in contact with glass. 

M Balord finds that this compound may also be produced by sus- 
pendmg a mass of sulpHate of ammouu in a strong solution of hypo- 
chlorous ncid. 

^The chloride of nitrogen is a volatile oleaginous li(|uid of a deep 
yellow colour, and sp gr. 1,653, of which the vapour is initating 
like chlorine, and attacks the eyes. Tt may be distilled at 1 G 0 °, but 
efferyesces strongly at SOOV^ind explodes between 205° and 212°, 
producing a very loud detonation, and shattering to pieces glass or 
cast-iron, but producing merely an indentation in a leaden cup It 
IS resolved into chloniic and nitrogen gases, the instantiiiicous pro- 
duction of which witli heat and light, is the cause of the violence ot 
the explosion. The chloride of nitrogen is decomposed by most 
orgamc matters containing hydiogeii , and may bo safely exploded 
by touclung it by the point of a cane-rod, winch h.is beim previously 
d pped in oil of turpentine 

Tlus compound is represented by NCI 4 , but the pinperties ot this 
(ompouiid rendbr it *5 accurate anal} si* .ilmo'it impossilile, and the 
coircctness of the formula usuaUy assigned to it is very doubtful 
M MiUoii has shown that it ra.xy contun h} drogim, and is possibly 
a nitnde of chlorine with ammoiini, Cl^N + 2 H^N 11 c torined 1 ‘iom 
it corresponding comjiounds, eontaimng bromine, iodine, and cyano- 
gen, by double decomposition, a biomide, iodide, or cyaindo of 
potassium being introduced* into the clilonde of nitrogen for that 
purpose.* 


ClILOllIDES ot CARBON 

HcRqaichloridc of < at bon, C 4 Cl(j — The compounds of these ele- 
ments are not formed directly, but were jirodnced by Mr Faraday by the 
action of chlonne upon a certain compound of carbon and Iiydrogen , 
the cireurastcinccs of their formation were explained with singular 
felicity by M ^Regnault Chlorine and olefiant gas C 4 II 4 combine toge- 
ther in equal volumes, and condense as Dutch hqiud (page 386) 
Chemists are now generally agreed that the rational formula of tlus 
liquid 18 not C4H4 4-201, but that^ its e^pments are thus arranged — 

Dutch liquid . C4H3CI4-IICI 


* Annalea do Chim ot dc Fhvs Iiiz 7C 

I 
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It is considered a combination of hydrochloric acid HCl, vnth tlic 
chloride of acetyl O 4 H 3 Cl. "Wlicn a stream of clilonnc gas is tmtis 
mittcd tlirough Dutch liquid, a second eq of hydrogen is c.irru'd 
off, as hydrochloric acid, and 1 eq. of chlonne left lu its place , tliui! 
Dutch liqmd, C^II^Cl+IICl becomes — 

CJIgCla-f-Ha 

This second product, which is a liquid, being submitted to tlu 
action of a stream of clilopnc, gives rise to a tliird liquid product, in 
winch the hydrochloric acid of the last formula disappears, and tlio 
rcmaimng portion assumes 2 additional eqs. of chlonne, forming— 

C4H2CI4 

Tlus third liquid is changed by the prolonged action of clilorim' 
into the sesquiclilonde of carbon, but to hasten tlic action it is ron- 
venient to conduct the operation in the light of the sun, its I an 
remaining c(|s. of lijdrogeii being earned off in the foiin of lijilm 
chlono acid, and 2 eqs of chlorine left m tlicir placoj which gives tin 
formula 

Sesquiclilonde of caibon D 4 CI 6 , or C 4 C 14 + C 12 . 

Tlus view of tlu' denvaiiot) and constitution of the scs(|Uithloii(li 
of carbon is conlirined by tlie density of its vaiiour, which llegn.iiill 
found by cxpcnmi nt to be 8157. It si ould fioin its formula eoiil.iin 

8 volumes caibon vapour . 3371 

12 volumes chlonne . . . 29284 

32655 

If these form a combining measure of 4 volumes, the most usiiiil 
all combining measures, the weight of 1 volume, or density ol ff'‘ 
vapour, is 8164, which almost coincides with the cxpen 1 ncnl. 1 l 
result * ' 

The sesquichlonde of carbon is a volatile crystalline solid, having 
an aromatic odour repembhng that of camphor, fusible at 320° and 
boiling at 860° (Faraday), of^sp. gr. 2 , soluble in alcohol, ether, and 

* Kegiiaiilt, Dc I’Action dii Chlurc aur In liqueur dca Hollunduia et aur Ic Chlorurf 
d’Ald^ydenc Ann de Cli et dc Fh t Ctl, jj 151 Idem, Surlca ChIoruT& dc Cuiliou. 
ib t 70 , p 104. 
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Oils. It was prepared by Mr. Faraday by exposing ])atch liquid to 
sunlight in an atmosphere of chlomio, which was several times 
renewed as the clilonne was absorbed 
Protoohlo) idc of cat boti, C4CI4 — Tins compound was prepared 
by Faraday by passing tlic vapour of the sesquiclilonde through a glass 
tube filled with fiagmcnts of glass, and heated to redness A great 
quantity of chlorine becomes free, and a colourless liquid is obfained, 
winch when purified from scsqmchlondc of caiboii and chlorine as much 
as possible, boils at 248° (Eegnault), bas a sp gr of 1 5526, and 111 
its chemical relations is very analogous to the s( squichlondc of carbon. 
The density of the vapour of the protoehloride decides the nature of 
its constitution. It was found by llegiiault to be 5820, which cor- 
resjionds to the composition by volume — 

8 volumes carbon vapour 337 J 

8 volumes ehloiiiie . . 19523 


23891. 

Density = — 5721. 

It must, theiefore, contain I eqs of carbon and t of eliloiine, anil 
its formula beC^CI^, or it represents oleliant gas wilh its whole 

liydiogen replaced by ehlorme It is inleiesting to ohseive how a 
liofly retains, after so many mutations, suth distinct traces of its 
origin From its analysis it might be a eoinpoiind of single ecpiiva- 
leuts, C Cl, of the simplest* nature, and so it was eoiisidered when 
named protoclilonde of c.ilhon 

l^ubchlotide of nnbntt, C/'Ij —Another c'oinpoiind ol this elass 
iMsls, of which a spediiini ])iothued .iceiduitally was ex.nmiic'd by 
Mcssis Phillips and Paiacby iligiiiult li.is formes] it by iriaking 
the prcceclmg liquid conipoiind pass several times lliiongli a tnbi at 
<i brighi, red beat It condenses in the coldest parts of tin tube in 
very fine silky crystals, winch may be taken up by cllui, and obtained 
perfectly pure by a second sublimation. 

Petchloride oj cut bon, CjCl^, was obtained by llegnanlt from 
the prolonged action of chlonne on hydroclilonc ether, wood-spmt, 
or chloroform, and by M Kolbc by passing clijorinc gas impregnated 
With the vapour of bisulphide of'earhon through a porcelain tube 
heated to redness It is a colourIcss*liquid, of density 1 0, boiling 
at l72° (78° C ) By passing the vapour of tins ehloride tlirougb a 
tube lieafecl to dull redness, Rcgnault obtained anotJicr clilondc of 
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carbon, isomenc with Faraday’s sesquichlondc, but of which tlip 
vapour density was 4 082. Kolbe formed a crystallizable componinl 
of perchlonde of carbon and sulphurous acid, wluch h.is the formula 
2(802) +C5CI4. 

Another chloride of carbon, of the formula CjoClg, was cbtaiiird 
by M Laurent, by tlic action of chlorine upon najilithahiic, (' 2 (,ll>p 
in the form of a cry'italline solid, soluble 111 boiling jielroleuni 

Chhnoi utnhoHu f/as, CO Cl — This gas is formed by.oxpnsmfr 
equ.il measures of chlonnc <ind carbonic oxide tosunslnne, whenr.ipul 
but silent combination cd&ues, and they contract to one half tliuir 
volume (page 371) 

Chhnidp of boioii, 11 CI 3 — A gaseous compound of these do 
mentsw.is obtained by Ileryalms, by (nnisinitting chlonnc ovci hoiuii 
heated m a glass tube, and by Dumas by trrinsmittiiig tbe s<uiie iras 
over a mixture of boracie acid and carbon ignited in a porcelain tube 


I'lQ 151 



placed across a furnace (fig 151) Its density was found to bedOTfl 
by Duitms, .ind it is considered a tcrchlondc 

Chhntde oj >>ilicon , 127 85 e/ 1598 12 , S 1 CI 3 — When silicon 
is licatcd in a stream of chlorine gas it takes fire, and tins compounfl 
is formed It is also obtained m quantity by a process analogous to 
that of Dumas for the chlonde of boron, winch it greatly resemble'' 
Silicic acid is not deciwnposed when heated with carbon, but if chlo- 
rine gas be present, then the simult^cous action of the latter element 
upon the silicon favours the action of the carbon on the oxygen, aiitl 
carbonic oxide with chloride of silicon results Precijntiitcd silica 
(page 393), which is 111 a highly divided state, is mixed with an equal 
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weight of Icunp-blaek, and made into a stiff paste with a little oil , tins 
IS divided into balls, which are rolled in charco.d powder, and tlicii 
("cposcd to a strong red heat iii a eovered crucible. Thct.c igmti d 
balls form the inivturs of silica and charcoal whicli is introduced 
into the porcelain tube (fig. 151), and healed strongly by a ch.iicoal 
furnace, while chlorine gas:, washed by water aud dried in a clilondc 
of calcium tube, is earned through the jiorcclaiii tube The chloride 
of silicon IS condensed in aU tube placed in an inverted bcll-jar, with 
ail opening at the low er part , a short straight lube is cemeiitid lo 
the lower part of the U tube, and, passing tlirougli the tuhulurc of 
the jar, terminates in a small, thoroughly dry bottle, where the liquefied 
dilonde of silicon is collected (llegnaiilt’s Tiaitt). 

The chloride of silicon is a colourless, Inglily mobile lupiid, of 
density 1 52, which boils at 138° (59° C ), aud fumes in tlie <iir. 
Tfc is instantly decomposed by contact ivith water, and resolved into 
hydrocliloric acid and silica — 

S 1 CI 3 and 3110= S1O3 and 3IIC1. 

Tins proper^ atfords tlic means ofanaly/mg the chloride of silicon, 
as the chlorine of the hydrochloric acid foimed may be precipit.ited 
by inirate of silver, and its .unoimt detiTiiiined Tlie projiortion of 
oxygen in silicic acid may also be deduced from tlii' same expciiment, 
as the oxygen must ncccss<irily be eciuivaleiit to tlu' chlorine in the 
clilondc. 


CTILCdUNE AND SULVHUIl. 

• 

Chlorine and sulphur appear to combine m several dilTcrcnt propor- 
tions, some of these romponnds being formed only in combin.vtioii 
with certiuu other chlorides ]hit two compounds of these elements 
have been obtained 111 a separate state. 

Suhchloride of ftuliihin , G7 .5 07 813 75, SgCl — This com- 
pound was first obtained by Dr T Thomson in 1804. To pre- 
pare it, a few ounces of flowers of sulpliur are introduced into the 
tubulated rejxirt D (fig 152), and fused by a lamp below Chlorine 
gas is evolved from hydrochloric acid and bmoxide of manganese in the 
flAsk A, transmitted througli the wash-bottle 13 containing w'ater, 
and afterwards dried by clilondc »f calcium, before the gas reaches the 
sulphur m D. The chlorine is rapidly absorbed, aud a ycllowisli red 
dense liquid distils over, and is condensed m the flask with two 
openings E, which is kept cool by a stream of water from E ft 
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coiit.nns an excess oi snlyliur in solution, but is obtained pure bv 
redistilling tlie lupiid iit a moderate tempeiaturc* The subclilondc 
ot sulphur boils at about 280°, and has a disagreeable odour, some- 
what resembling that of sc.i-wc(‘d, but^inuch stronger Its density 
in the liciuid state is 1 G87 , the density of its vapour has been 
found 4668 by expenmeut Tins compound is capabje of dissolving 
a large qu.uitity of sulpliui, wliicli may be obtained in crystals from 
a solution saturated at a high temperature It is decomposed bj 
water, and hydi ocbloric acid with acids of sulpliur formed 

In one ot tbe ])iocos'' 0 s for caoutchouc, the subcliloiiile 

ot sulpliur IS einiilojcd This compound is dissolved in 50 times its 
bulk of \yell icclificrl co<d naphtha, and the aiticles of caoiitcliouc im- 
mersed ill the iliud for one ininnte, then talcii out and diied without 
heat. The caoutcliouc thus acquires a small poilioii of sulpliur, \iitli 
yyluch it appeals to combiue, and is nnpiovcd gieatly in elaslicil) and 
strength 

Piutoclilo) tdc of i,ulphnt, 51 5 O) 043 75 , SCI — If cliloiiiiebe 
})nsscd through the fonner compound, the gas is absorbed in large 
quantity, and a lupud compound of a deep red colour formed, wlmb 
contains twice as iiiucli chloniie. The neiv compound dissolves an 
excess of clilonue, wdncli must be expelled by ebulhton. , When pure, 
this chloride bods at 1 47° 2 (64° C) Its density ni the liquid fonn is 
1 (720, and ni the state of vapour 3349. It is decomposed like the 
preceding ( oinpouiid wlieii agitated with water, all its chloniie be- 
coming liydrocblonc acid, tbe*'juantity of which may be dcterinined 
by the usual means. Poiytlnoiiic acids are also formed, with a deposit 
^ Jtosc Anuulcs dc Cluin et dc Flip's 1 92 ' 





CtlLOlUDES OF PHOSPHORUS. 


487 


of bulpliur. This compound, of which the formula is SCI, may cor- 
respond with hypoclilorous acid CIO, or with hyposulphurous acid , 
but the subclilonde of sulphur, S^Cl, has no analogue among the 
knoivn compounds of oxygen and chlorine, or of oxygen and sulphur. 

When chloniie is ]iasscd over the bisulphide of tin, the gas is ab- 
sorbed, the sulphide fuses, and a compound is formed in yellow 
CTjstdls, which consists of SnCl^+SCl^ The sulphur of the sul- 
pliidc of titanium and of the sulphides of antimony and arsenic is 
(oiiverted by chlonnc in the same mannei into bichlonde, and the 
inct.il itself obtains the same proportions of chlonnc as it had of sul- 
phur previously, the new products also remauung m combiiutiou with 
(acli oilier.* 


CnLOllIHES OP PIIOSPIlOlU s. 

Tftihloridf of jiho'^phoni'^, PCl^ — Tins chlondc, winch cor- 
responds with ])liospliorons acid, is obtained by passing chlorine 
llirough meUed phosphoiiis, as lor cldmidc of sulphur (fig 152) , a 
tieai and volatile lupiid distils over, ol sp gr 145. Tt is capable 
fit dissolving pl\)sphoriis , wlien mixed with wafei, it is resolved into 
Indroddonc and phosphorous acids 
V( ittachloi ide of idiosfihui us, PCI 5 — Diosjihorus takes fire sjion- 
(.mcoubly m a vessel of diy cliloinic, and produces a snow-white 
Hoolly hublimate, nliich is vciy volatile, using 111 vapour bilow 212 °. 
It is couvciLed by water into hydrocliloiic and pKo^plKnlc lUjuls 
The vaiiatioii ot the v.ip«ui -density ol this substance observed by 
M Cahoiirs, has .ilicatly been icfened to (page 158) This com- 
pound IS consulcnd hy Caiiouis .is a direct combiiialioti of the 
bichloiidc with 2 cq chlonnc, I’Clj + Clj 

(lUoiuvide oj jiliosiihoni^, PCljOg — The vapour of water pro- 
duces witli the jiciitachloride of phosphoiiis a compound so named, 
disfovcicd hy M ‘Wuid/, It is a colouilcss ami very limpid liquid, 
ot ileiisity 1 7 , which fumes 111 an It is decoinposi’el by water. 

Cldoi o-Hulphide PC 1 ,S 2 — It was discovered by 

Serullas, and is obtained by the action of liydrosuljihunc acid 011 
-the pcntachlonde of phosj'horus It la liquitl, bods at 202 ° (128° 
C ), is not decomposed by water The alkaync oxides transform it 
into a ml]du>xij)hohiduitc, a mctJJhc chlorielc being produced at the 
S‘Unc time • * ^ 

PCljSg and 6NaO=3NaO PO 3 S 2 and SNaCl. 

Hose Aiiualcs dc Clam ct dc Phjs , Ix\ 270 
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These salts, which correspond with the tnbasic iihosphates, may 
be crystallized. The sulphoxiphosphate of soda crystallizes with 24 eq 
water, 3NaO PO 3 S 2 -4 2 tllO, and has, therefore, a composition 
exactly similar to the phosphate of soda, 3NaO PO 5 + 24 HO, buttlie 
form IS different Here, then, sulphur is not isomorphcus with 
oxygen (Wurtz) * 


SECTION XI. 

BBOMINE. 

( 

Eq 78.20 or 978.30 , Br, density of vapour 5393 , | 1 | 

Tins element w'as discovered by M Balardof Montpellier in 182fi. 
Its name is derived from Bpw/ioc, mal-odour, and was applied to it on 
account of its strong and disagreeable odour. Like the other mem- 
bers of the chlorine famdy, it is found pnncipally in solution, being 
present in an exceedingly minute but appreciable proportion m ■tea- 
water, under the form of bromide of sodium or magnesium, also in 
the water of the Dead Sea, and in nearly aU the falme springs of 
Europe, of winch that of Theodorshall near Kreuznach in Germ,niv is 
the principal source of bromine, as an article of commerce Bromine 
is interesting from its chemical relations, particularly from the cxlni- 
ordiiiary parallelism m properties with chlonne which it exhibits. 

Pt eparatiun — Bromine in combination is discovered by mcitiisuf 
chlorine- water, a few drops of which caiioc the colourle'^s solution of 
a bromide to become orange-yellow, like nitrous acid, by disengaging 
bromine, while an excess of clilonne weakens the indication, by forming 
a chloride of bromine which is nearly colourless Before the apiili- 
cation of this test, the saline water m which bromine is contained 
must always be greatly concentrated, and, indeed, the greater part of 
its salts should be separated by crystallization. The bromides .iro 
highly soluble, and remiun in the inciyst.illizable hquor which is callc d 
the inotlicr-lcy, or bittern in the case of sea-water. The bromide of 
magnesium may lose liydrobronuc acid during the falther concen- 
tration of the mother-ley, by evaporation, on which account Desfosses 
recommends the addi^on of hydrate of hme to the hqmd, winch 
throws down maguesu, and produebs a bromide of calcium which may 
be evaporated without l^s of bromine. Instead of using free clilo- 
nne to extneate the bromine, bmoxide of manganese and a little hy- 
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drochloric acid may be added to the liquid. Upon distilling, bromine 
js liberated and comes off completely before the bquid boils Tlie 
watery vapour which condenses in the receiver along ■vi'ith the 
bromine contains a portion of chloride of bromine, from which the 
bromine may be separated by adding baryta to the hquid, and fomuiig 
a chlonde of banum and bromate of baryta , evaporating the liquor to 
(Inmess, heating to redness, and treating with alcohol. 

Properties —HitoTSivas condenses m the preceding process as a 
dense liquid under the water, the sp. gr of bromine being 3.9G6. 
In. muss, it is opaque and of a dark brown red, but in a thin stratum, 
transparent and of a hyacinth red. Its odour is powerful and very 
like that of chloniie. When cooled 10 or 15 degrees below zero, it 
freezes, and remains solid at 10°, it then has a leaden gray colour, 
and a lustre almost metallic. Hromiue at the usual temperature is 
decidedly volatile, and to retard its evaporation it is generally covered 
by water ill the bottle in which it is kept It bods at 11G° 5, and 
aflords a vapour very similar to the ruddy fumes of pcToxide of nitro- 
gen. Bromine is soluble to a small extent in water, and gives an 
orange-coloured solution , it is more soluble in alcohol, and consi- 
dcnibly more so in ether. 

Bromine bleaches like chlonuc, and acts m a similar manner upon 
the volatile ods and many org.iiuc substances coiitamiiig hydrogen, 
which element it eliminates m the form of hydrohromic acid Many 
metals combine with bromine with igmtiou, as they do with chlorine , 
it ac^s as a caustic on the qjtin, and stains it yellow, like nitric acid. 
It forms a compound with starch, which is of a yellow colour , like 
chlorine it forms a crystalhnc hydialc with water at 32°, wluch is of 
<i beautiful red tmt 

Hydrohi onuc acid , 79 26 oi 990.8, IIBr. — Tlus is a gas, in 
wluch 2 volumes of each constituent are united without coiidciisatioii, 
as 111 hydrochlonc acid, and wluch has the great attraction for water 
of that acid. Hydrogen and hroimne do not unite at the usu<il tem- 
perature, and a mixture of them is not exploded by flame, but they 
Unite in contact with the flame and form hydrohromic acid. The 
.same acid is more readily prepared by the action of bromine upon 
certain compounds of hydrogen, such as hydrosulphunc acid, phos- 
phuretted hydrogen, and hydnijdic acid, ^’he gas may also be 
obtamed by the mutual action of bromine, phosphorus, and water, 
and must he collected over mercury. * 

Bor I4ie last process, a tube-apparatus, represented fig. 110, is 
lecommended by M. Ei^nault. It contains a little bromine in the 
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bend h and small portions of phos- 
phorus at d, this bend beuig filled up 
with fragments of glass, and a very 
iniiiutc qiiBiitityr of water added 
The open end a of the tube being 
closed with a cork, heat is applied 
to h, so as to vapourize the bromine 
111 a gradual manner A bromide of phosphoriia is produced, wludi 
is immediately dceoinposed by the water, while hydrobromic acid is 
diseiigagi'd and escapes by ^hc lube ^ 

Hydrobromic acid, like all the other bromides, is decomposed by 
cliloniic, which is more powerful in its alfiiiilics than bromine, but it 
Is not decomposed by iodine Its artioii with met,ds is precisely 
similar to that of hydiochlonc aeiil Tlydrohroime .icid is not decom- 
posed when heated with oxygen, and water is not decomposed 
by bromine, so tliat the airmity of bromine and oxygen for hydrogen 
may be inferred to lie iieaily eciuul I'lus acid, or a soluble biomide, 
pi educes white prcciiiitates with the nitrates of silver, lead, and sub- 
oMile of mercury, wlneh arc very similar to the chlpridcs of these 
metals The othci mclalhc biouiidts correspond m solubility with 
the elilondes The broitiiilc of silver, like tlic chloride, is soluble in 
ainnioiiia 

lirunuc and, BrO^ — Bromine is ilissolved by the strong alkriliiie 
bases, and occasions a dccunipositioii exactly similar to that product d 
by chloniie, in winch a hiomnlc of the metal and bioinatc of the me- 
tallic oxide uie foimed The biomic acid may be sepaiatcd horn 
bioinate of baiyl.i by sulphuiic acid, and its solution may be conreii- 
tiatcd to a certain point, like chloiic aeid, beyond xvhieli it undergoes 
decomposition. It has not been isolated. The chief points of dif- 
icrcncc between chloric and bromic acid arc, that the latter alone is 
decomposed by sulplmrous and phosplioroiis acids, and by hydrosul- 
pliuric acid , and xvhilc all the chlorates arc soluble, the bromates oi 
silver and suboxidcs of mercury are insoluble, the former being 
a white and the latter a yellowish white precipitate BrjOmic acid 
the only know'ii oxide of liromine. 

Chloride of BrClg — Chlorine gas is absorbed by bro- 

mine, and a volatile thull of a reddish yellow colour iiroduced. This 
chlondc appears to dissolve m water without decomposition, but m an 
alkaline solution it is converted into chloride and bromate. 

Bt amide of sitlphui — Brouime combines when mixed with flowers 
of sulphur, forming a lluid of <m oily aiipcarancc and reddish lint, 




IODINE 


491 


inucli resembling subchloride of sulphur in appearance and pro- 
perties. Tins bromide dissolves both sulphur and bromine^ and has 
not been obtained in a state of sufficient purity for analysis. 

Jh omtdeD of phos2>hc* uft, PUtj and PBrj — If broTniiic and phos- 
phorus are brought into contact, in .i Ihisk filled Tvith carbonic acid gas, 
a violent action with ignition hakes place, of which the products arc 
a volatile crystalline solid and a yellowish liquid Tlie former, when 
decomposed by water, aflords hydrobroinic and phosphonc acids, 
winch proves it to be I’Bis, and the hitter affords hydrochlonc and 
|)hos|)hoions acids, which proves it to be Tlie liquid bromide 

(loos not freeze at and, like the bijuid chloride of phosphorus, is 
cjpable of dissolving a large quantity of phosphorus 

lltomide oj hihcon — Is prepared by a similar ])rocess as tlie 
oiilorule of silicon Tt is a liquid boiling at 302° .ind freezing at 
10° J3y WMter it is resolved into hydrobroinic acid and silica 


SECTION Xll 


Mtj 1 2fi 3G oi 1.579 3 , T, deo'^itif of I'njtoin S7I)7, | | | 

Iodine was discovcn'd in ISll, by 51 Comtois of P.ms, in kelp, 
ii ■substance from winch he piejuied idTbon.ite of soda Its iln niu.d 
liiopulies weie ixaniiiKd byt^'lement, and .ittcnv ards, inoi e eoiiqileu ly 
h\ Ihivy and Gay-Liissac,’ p.irfic nl.irly liy the hitter f A tiacc oi 
loilme has been obsoived in sc,i-watci (Sr liwcit/ei), but it is more 
bimd.int ni the fiin, ul\ i, ,md otliei inaniie jil.ints, and .dso ni sponge, 
tin ashes of which contain iodide of sodinin It is known also to 
('vist in one mineral, a silvir ore of Albar.idon in Mexico. 

PripuHitioti — I’he gicatei p.irt of tlie iodine of commerce is 
]>rep,ircd at Glasgow from the kelp of the west coast of Ireland, and 
ivchteiii islands of Scotland The sea-weed thiown upon the beach 
i'’ collected, dried, and afterwards burned in a shallow pit, in which 
flic ashes accumulate and melt by the beat, being of a fusible 
niatenal The fused mass broken into lumps ^orms kelp, which was 
prepared and chiefly valued at ouc lime foi the carbonate of soda it 
toiitanis, which vanes in quantity fioui 2 to 5 per cent It is not 

* 1)iivy,*n Fhilosapliical TraiisaLlious foi 1S14 aud 1816, Guy-Lui>sa(,iiith(,AnualLS 
''s Chiiute, Ixuvui , xt , ct xci 



492 


IODINE. 


all equally nch in iodine. Acoirding to the observation of Hr 
"Whitclaw, the long elastic stems of the fucus palmatus ailbid most of 
the iodine contained in kelp, and the kelp prepared from tins 
may be recognized by the presence of charrod portions of the stuins 
Tins being a deep sea plant, lodme is found m largest quantity m the 
sea-wreck of exposed coasts. A high temperature in the preparation 
of the kelp, which increases the proportion of alkaline carhonatr, 
diimni&hes that of the lodmc, owing to the volatility of the iodide of 
sodium at a full red heat. The kelp winch contains most lodmc 
generally contains also most chlonde of potassium, and it is for tlicve 
two products that the substance is now valued, more than for its 
alkah. 

The kelp broken into small pieces is hxiviated in water, to winch 
it yields about half it weight of salts. The solution is evaporated 
down in on open pan, and when coneentrated to a certain point, 
begins to deposit its soda siilts, — namely, common salt, carbonate and 
suljihatc of soda, — which are removed fiom the boiling liquor bv 
means of a shovel pierced with holes like a colander Tlie licpiid I's 
afterwards run into a shallow pan to cool, m winch lo deposits a crop 
of crystals of chloride of potassium the same operations are repeati'd 
upon the motlicr-lcy of these crystals until it is exhausted. A dciac 
dark-colourcd hquid remains, which contains the iodine, in the fonn, 
it is believed, of iodide of sodium, but mixed with a large quantity 
of other salts , and tins is called the iodine ley. 

To this ley, sulphuiic acid is griulmdlr added m such quantify as 
to leave the liquid very sour, which causes an evolution of caibonic 
Fig 147 acid, sulphuretted hy- 

drogen, and bulpliurous 
acid gases, with a con- 
siderable deposition ol 
sulphur. After staiiJ- 
mg for a day or two, 
the ley so prepared is 
heated with binoMile 
of manganese, to sppa- 
ate the iodine Tins 
operation is conductrd 
in a leaden retort « 
(see fig 147) of a cylin- 
drical form, supported 
in a sand-bath, which 




fbepahatton op iodine 


498 


13 heated by a small fire below The retort has a large opening, to 
which a capital, h c, resembling the head of an alembic, is adapted, 
and luted with pipe-clay. In the capital itself there are two openings, 
a larger and a smaller,* at b and e, closed hy leaden stoppers. A 
senes of bottles d, having each two openings, connected together iis 
represented in the figure, and with their joinings luted, are used as 
{ondensers The prepared ley being heated to about 140° in the 
retort, the manganese is then introduced, and b r luted to n Iodine 
inimeihatcly begins to come off, and proceeds on to the condensers, 
111 which it is collected, the progress ofits evolulion is watclied by 
occasionally removing the stopper at c, and additions of siilphuiic 
and or manganese are made by b, if ilccmcd neccss.iry. The success 
of (he expeiiment depends much upon its being slowly coinlucted, 
and upon the proper management of the tcin})er,itiirc, which is more 
easily legiil.ited when the quantities of inatenals arc consKleTahlc, 
than when the evpenment is attempted ivith small (pi.uilitics in glass 
diisks In the Litter circumstances, chlorine is often evolved with 
tlie iodine, which escapes m acrid fumes, as the chlondc of iodine, 
and is lost , biil this acadent can be avoided lu the inanuf.ictunng 
jiroccss. A little cyanide of lodmo often accompanies the iodine, 
which being more volatile, condenses m the form of white, flexihh*, 
pnsmatic crystals, in the bottle most distant from the leaden retort. 

Ill this ojicration the bmoxidc of manganese will be m contact at 
once with hydnodic, hydrocldonc, and sulphuric acids , and the 
iodine of the hydnodic aoid may be liberated, from the union ivith 
its liydrogeii of the oxygen of the manganese, and the formation 
of w'ater, or hydrochlonc acid may be first decomposed by the 
mdiiganese, and chlonne decomixise the hydnodic acid and liberate 
iodine. If a consideiablc excess of sulpliunc acid be employed, 
lofline IS obtained witliout the use of bmoxidc of manganese, tlic 
oxygen required by the hydrogen of the hydnodic and being supplied 
by the sulphuric acid, a part of which is converted into sulphurous 
acid. The presence of iodine in the prepcurcd hy may be observed 
bj suddenly toixing it with an equal volume of od of vitriol, when 
violet fumes of iodine appear ]hit the quantity of iodine may be 
niorc accurately estimated by means of a solution consisting of 1 part 
of crystallized sulphate of coppir and 2;^ cr protosulphatc of iron, 
which throws down an insoluble submdidc of copper, almost white 
If may also be detenmned approximativcly by precipitation by the 
ammonio-nitrate of silver 
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Properties . — Iodine is gcncr.illy in crystalline scales of a bluhh 
black colour and metallic lustre. It is obtained, from solution, m 
modifications of an elongated octohedron with rhomboidal base (fi'r 
148.) The density of iodine is 4 948 , it fiiscs at 225°, and boils at 

Ilia 148 



317°, but it evaporates at the usual temperature, and more i.ipnlK 
when d.unp than when dry, diffusing an odour having considnabli' 
resemblance to chlorine, but easily distingmslied fioin it foJiiii 
stains the skin of a yellow colour, which however disappeais in ,i Itw 
hours. Its vapour is of a bplendid violet coloiii, which j'j seen to 
great advantage when a scruple or two of iodine is tin own at onec 
upon a hot brick Hence its name, from ’l(J»?»;c/violct-coluuie(l 
The vapour of iodine is one of the heaviest of gaseous bodies, lt^ 
density being 871(5 according to the c\pcriinent of Dumao, aivl 
8707 7 according to calculation from its atomic weight 

Pure w^atcr dissolves about l-7000th of its weight of iodine, and 
acquires a brown coloui , but when cliaiged witli a salt, paiticulaily 
the nitrate or hydrochloralc of aminoira, watei dissolves a eon 
sidcrably greater quantity of iodine Tin; Solution of iodine does not 
disengage oxygen in the light of the sun, and does not di'slinv 
vegetable colours, but after a tune it becomes colourless, and then 
contains hydriodic and iodic aeids In other respects, iodine genet .illy 
comports itself like clilonne, but its alliiiities arc much less powiiinl 
Iodine is soluble in alcoliol and etber, with which it foims d.iik 
reddish-brown liquids Solutions of iodides, too, all dissolve mueh 
iodine, and become of a deep rod coloui A liquid contrtiiiiiii!: 
20 grams of iodine and 30 gianis of iodide ol jjotassiunf m 1 ounce 
of water, is known as Lugol’s solution, and preferred to the tincture 
m medicine, because tlic iodine is not precipitated from it by dilution 
with water * 

A solution of starch forms a compound with iodine, of a deep blue 
colour, soluble in pure water but insoluble in acid and sahue 
solutions, the production of wliith is an exceedingly delicate tc't ol 
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iodine. If the lodmc be free, starch produces <it onre the blue 
compound, but if the iodine be m combination as a soluble* iodide, 
no change takes place till chlormc is added to liberate the lodiue 
If more chlorine, however, be added than is necessity for that 
purpose, the iodine is withdrami from the staich, chloride of iodine 
formed, and the blue compound dcstmyed Dr A T Thomson, 
.iftcr adding the starch witli a drop of sulphunc acid to the liquid 
containing an iodide, m a cylindrical vessel, allows the vapour oidy 
fiom the clilorme-watcr bottle to fall ujion the solution, and not tin* 
rhlonnc-ivater itself in tins way, the danger of adding an c\cess of 
clilonne is easily avoided, and the test indicates in a sensible manner 
ail exceedingly minute quantity of iodine The iodide of starcli, m 
water, becomes colourless when heated, but iccoveis its blue colour 
if immediately cooled 1'bc soluble iodides give, \iilli the intrati* of 
silver, an insoluble iodide of silver, of a pale ^dlow eoloni, insoluble 
111 ammonia, with salts ot lead, .m iodide of a iirlv \iilovv colour, 
and with corrosive sublimate, a line seailet lo.lide of lueiemj 

Tu asoei tinning the quantity ol iodine in the mixed ehloiides, and 
iodides of mincial waius and otlui sohilions. Rose reeomimiids the 
addition of nitrate of silvei*, wlmli thiows down a mixtine of ( hlonde 
and iodide of silvci, which is fused and wi'igdied This is alterwaiils 
he, lied in a tube and chloiiiie passed o\ei it, hy whuli the iodine is 
expelled, and the wdiole bee mnes chlonde ol s\lvn ft is weighed 
again, and a loss is found to have occunid, owing fn the eqmv,ihnt 
of the replacing chloiine bling less tli.in lh.it ot the njil.iciif loiliiu 
This loss, multiplied by 1 380, gives the (piantity of iodine ongni.illy 
piescntj which has been exjicllefl liy tlie chlorine ^ Hr S(hw(it/.ei 
employs a similar method in estiiuating the (|u.iri1ily ot iodine w'heii 
mixed W'ltli bronnne, heating the iodide and hioirinle of silvei in ini 
atmosphere of broinme The differeiue of weight muHiplied hy 
2 1)^7 gives the propmtion ot lodnic, and inidtqilnd hy 1 (>27 the 
liroportion of bromine t 

U\ps — Iodine is cmplo)ed m fhe laboiatoiy fm many dicmieal 
fiieparations,’ and as a test of starch It wms fust mtioduced into 
'mtdicinc by Coindctof Geneva, who employed it with success, m the* 
treatment of goitre, dissolved in alcohol, ir^ solution of iodide of 

» 

^ * TTHndbiK'h (ler nnalytisolicn Chcmic von lleinni li Uo8(, H 2, p '577 

t I’liil Mag 3d acnca, xv p 57 
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potassiunij or as iodide of sodium j and since thalrapplicationj most 
mineral waters to which tlic virtue of curing gditre was ascnhpcl 
have been found to contain lodme. M Boussingault has atlducrd 
stnking confirmations of the efficacy of iodine in that disease, m lus 
interesting memoir on the loihferous mineral waters of the Andes * 
It appears to have a specific action lu Ciiusin^ the absorption oi 
glandular swellings, and is also administered (te a tonic. Iodine 
swallowed m the solid state causes ulceration of the mucous menihinnc 
of the stomach, and death IBut the iodide of potassium or sodium 
is not poisonous m coiisidcr.vblc doses, nor is the iodide of stauli 
hurtful (T)r A. Buchanan). Iodine and bionuiic have also found 
an interesting application to form the film of iodide or bromide of 
silver. 111 the silver-plates of the daguerreotype, which is so seiisiinc 
to light. 

Iodides — Iodine docs not form a hydrate like chlorine, but il 
combines with anotlier compound body, aimnoiiia, dry lodiiic .ib- 
sorbiug dry aimnomacal gas and running into a brown liiinid, wliitli 
Biiieau found to contain 20 4 ainmoiiia to 100 iodine, quaiitilics in 
tlie proportion of 3 cipuvalents of ammonia to 2 of* lodme t Tins 
liquid dissolves iodine Iodine does not combine with dry loditlt' of 
potassium, but with tlic addition of a small (juantity of water, it fonrs 
what appears to be a ternary coinpoimd of iodide of potassium, ii.iter 
and lodiiic, winch is usiudly ffuid, but was obtained in eryshds by 
Bauer Iodine forma similar compounds with other hydrated metallic 
iodides. With the metals generally iodine combines, with the siiiiie 
facility, and nearly with as much energy as chlorine docs The 
iodide of zinc and protiodide of iron, which arc vciy soluble, arc 
formed by simply bnnging the metals into contact with iodine, in 
water. AH the iodides are decomposed by bromine, as w cU as by 
clilonne. 

The compounds of iodine may be shortly desenbed in the lol 
lowing order 


Hydnodic acid . Ill 
Iodic acid lOj 

Penodic acid . TO, 
Iodide of nitrogen NT. 


Iodide of sulphur » 
Iodides of phosphorus 
Chlondes of iodine 
Bromides of iodine 


* AnnnlcB ile Chun ct dc Vhya liv 103 
t Ibid lx VII 226. 
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Hifdnodic acid : 12%.36 oi 1592, HI — Ilydnodic acid can- 
not be prepared with advantage by treating the iodide ol sodmin oi 
potassium with hydrated siiljilmiic acid, as the latter is p.u-tially coii- 
^ cited into sulphuroiis acid by hydiiodic acid, with the separation of 
iodine It may be obtained in the state of gas, by forming an iodide 
ol pbosplioins, 9 jiarts of diy lotbiic and 1 of jihosplioius being in- 
troduced into ii tube sealed at one end, ,lo be used as a letort, 

Fm 119 



'lid the mixture covered by pounded glass, and combination de- 
tiTttiined by a gentle heat , and afteiwards decomposing this iodide 
oi phosphorus by a few drops of water Tlydriodic arid instantly 
tomes oh as gas, and hydrated phosphorous acid remains in the tube 

PIj and GHO = 3HJ and tillO-l-rO,. 

\ '■light heat viay be applied to the tube, when the action abates, to 
‘ypel tlic last portions of liydnodic acid, but if the temperature bo 
tlcvated, the residuary hydrated phosphorous acid is dceomposed, with 
t%olution of phosphuretted hydrogen gas, wlAch may, therefore, bo 
obtained by the same operation This gas is very soluble iii natcr, 
and soon decomposed over mermiry, which combines with its lodmc 
and liberates hydrogen , so that ft is eolleeted in a dry bottle, by 

2 K 
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the method of displacement^ and the bottle is closed with a glass 
stopper when full of gas. Ilydnodic gas is colourless, of density 
4443 by expenment and 4385 by theory, and consists of 2 volumes 
of iodine vapour and 2 volumes of hydrogep gas united without con- 
densation, or forming 4 volumes, which are, therefore, the combinuiir 
measure of the gas In the combination of its constituents bv 
volume, hydnodic acid resembles hydrochloric gas and all the other 
hydrogen acids. Hydnodic gas is gradually decomposed by oxjgcn, 
with the formation of water iodine is liberated. 

The solution of tins acid in water may be obtained by tran'^mittmg 
hydrosulphunc acid gas through water in which iodine is suspondul 
the iodine combines with the hydiogcn of that compound and hbcr.it('s 
the sulphur. The liquid may afterwards be warmed to expel tlic iv- 
cess of hydrosulphunc acid, and filtered. It is colourless at 
111 a few hours becomes red, owing to the decomposition of hydnodic 
acid by the oxygen of the air, and solution of the iodine m the .icul 

The solution has its maximum hoiluig point, which lies beta ( cii 
257° and 262°, when of sp. gr i 7, according to Gay-Lubs,ic 
Nitnc and sulphunc acids decompose it, and are (]''composed lln'in- 
sdves with the formation of water, tlie starch test then mdlcatc'^ free 
iodine. 

Iodic acid , 166 36 or 2079 5 , IO 5 — Iodine does not afford .1 
peculiar acid compound with red oxide of mercury and those mtldllic 
oxides which yield free hy])ochlorou 3 acid with clilonne Nor h it 
absorbed, like chlorine, by hydrate of hme or alkaline solution", tu 
form a class of bleaching salts. Such compounds are wanting 111 tlie 
senes of oxides of lodme, which is limited fo liypoiodic, iodic, .md per 
iodic acids Scraciitini imagined that lie had formed iiifcnor oxide •> 
of iodine, but he is evidently mistaken. The lodatc of soda combi lu 5 
with iodide of sodium m several proportions, one of which was "iip 
posed by Mitscbcrlicli, when he discovered it, to be an lodite of "od.!, 
but that this is a double salt of tho constitution first mciitionwl 
is more probable. 

A few grams of iodic acid may easily be prepared b;jr the method of 
Mr. Connel, which consists in heating the most concentrated nitnc 
acid, free from nitrous vapour, upon a httle iodine, in a wide 
tube, and aUoupng t^je hquid to cool , the iodine is oxidated at tlic 
expense of the nitnc acid, aqd the greater part of the iodic acid it. di 
posited in crystals. When a larger quantity is required, a convenient 
process is to form, m the first place, an lodate of soda, suggcalc* 
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by Liebig. An ounce or two of lodme in powder may be suspended 
,n a pound of water, with occasional agitation, and a stream of clilo- 
niie be passed through till the whole iodine is dissolved. Carbonate 
of soda IS then added toi the liquid, winch is of a brown colour and 
strongly acid, till it becomes slightly alkaline, when a large precipi- 
tation of iodine occurs, which may be separated and collected on 
a filter This iodine may be suspended in water, and exposed to a 
stream of clilonne as before 

5C1 and 5HO and I = 5I1C1 and IO5 

The fdterod solution contains iod.ite of soda and chloride of 
sodium, with a trace of carbonate, which may be neutralized by hy- 
drochloric acid. On afterwards adding chloride of barium to the fil- 
tcTod solution, so long as a precipitate is produced, the whole iodic 
atid IS thrown down as lodati* of baryta, winch may be collected on 
a filter and dried This lodatc is aiihydious, and may be dceom- 
jioscd completely, by boding 9 parts of it for half an liour with 2 
parts of oil of vitnol, diluted with 10 or 12 parts ot water The 
lilieratcd iodic atid dissolves, and being «cpaiatc(l from the sulphate of 
barjtaby filtration, is obtained as a (ly.stalliiicmass when evaporated 
(0 diyiicss by a gentle heat 

This acid is also prepared very easily, according to M Mdlon, by 
digesting iodine in a mixtuie of nitnc acid and chlorate of potash , 
the proportions recommended are 4 of iodine, 7 5 chlouite of potash, 
in of nitric acid, and 40 of water The lodic acid is afteiwaids jiic- 
ci|ntat<'d m the form of lodate of baryta, as in the preceding piocess, 
the lodatc of baryta then dccomfjoscd by sulpliuiic acid 

lodic acid crystallizes from a stioiig '>olution,as a iiydiate, IIO JOj, 
m large and transparent crystals, whu h aie six-sjded tables 'I'his and 
IS not sublimed, but decomposed into iodine ami oxygen, by a high 1cm- 
peraturc, without any formation of pi tiodie aeni Another delinih* 
hydrate of iodic acid was obt.imcd by M Millon, containing only 
euc-third of an cquiv.ilcnt of water, by maintaining the protohjdrate 
<'l a temperatijie of 2f5()° (130° C ), so long as it continued to lose 
Weight. It is also formed when the protoliydratc is mixed with an 
excess of anhydrous alcohol By drying cither of these hydrates at 
338° (170° C ), iodic acid is obtained entirely wmhydrous (10^). 

Iodic acid IS very soluble in water , wid alter reddening, bleaches 
litmus paper. It oxidates all metals with which it has been tried, 
except g(dd and platinum Ifr is deoxidized by sulphurous acid 
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and hydrosulphunc acid^ .ind iodine liberated^ but an excess of mj. 
phiirous acid causes the iodine again to disappear as lijnlnodic .uul 
water being decomposed by the simnllaneoiis action of sulpliunn,., 
acid and iodine upon its elements, Iodic ncid is easily decornposiMt 
by heat, disengaging o\yg('n and vapours of iodine it is soluble m 
water, aleobol, and cthci 

ludutrs — The .salts of iodic acid have a general resembLniri' to 
tile cblor.ites , when thrown n]ioii hninmg enihcr> they enliieu tlie 
fomhnstioii, but with Ics'- vnai ily th.ui chlorates The lod itc o( 
potash is conveited by heyt into iodide of potassiiiiii and nvigisi , 
that tlio comiiosition of iodic acid m.iv he dctcvinined from lint 
of lodate of potash, in the same numiei .is the comjiosition ot dilorc 
acid IS dcteiniined Iroiii that of cliloi.de of pot.ish I'lie loilali of 
soda, however, loses iodine as well as o\ygin, when heated, ami a 
yellow, s]).iiingly soluble, alkaline niatlei leinains, whicli Lidng bii])- 
])Oscs to eontaiii tlic salt of an lodoiis acid, lesolvable into an iml.ilc 
and iodide hv solution in w.iter, hut wlncli recpiires fnrtliei 
gallon Tlie lodates of met, din piotoxidos, with tlu' exception of tin 
pot.isli family, .111 all spaiiiigl) soluble oi in^olnhli s*!!., Theiod.iti 
of lime coulams walei, and w’heii healed ,ilIoids no iodide of (.dniiin, 
hilt eaustu lime 

Jt’ixcd ands, whidi liaie lillle .liliiidi foi walei, sndi as lodie am!, 
ap])e,ii oltiii to coiiihmi ni scveial jnopoitions with oxides u( dio 
potiish family 'riie oidinuiy hiniod.dc of potash contains I ('(| ol 
basic w.iter, hut at a ingli temper.i1ine iHsin.iilo anhydrous, and tliiii 
a salt reinmiis containing 2 e(| ol acid to 1 of pot.isli ]\li IViiin 
has crystalh/ed a biinodati* and liTiodatc ol sod.i, hotli anlijdioiis 

fodic acid likewise combines with other acids Thesi' coinpoiimh 
generally precipitate in a ciystalhnc foim, whcnanothei acid is .iddul 
to a hot and concentrated solution of iodic acid Compounds of siil 
phuric, nitric, phosphoric, and hoiucic acids, with iodic acid, h.i\ e hi i n 
formed It has been obscivcdby M Millon, that when the coinjioiiiul 
wath snljihunc acid is submitted to heat, oxygen is evolved, and a hi ]io- 
lodie aeid or peroxide of iodine formed, of winch the ftfrrnul.i is Kh 
Tlicic IS formed besides in Ihis decomposition, according to Jf irdlmi, 
a jieciiliai double ,icid, which may he considered a eomponnd of 
lodous and liypo-iodie*^acid, having for formula 4104 + 10, Mfirii 
vegetable acids arc dissolved «iii iodic acid, they are immediately ile- 
composed by it, carbonic acid being disengaged with clfervesccnce, ami 
iodine precipitated * 
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Piiioiln atift, Pcnta lothc and, ISli 06 vi 2<J79 5, lOy. — This 
,icidj winch was discuvercd by Magnus and Amrncimullcr, is fonnod 
|)V transmitliiig a current of chlonne through a solution of lodatc ot 
>.oila, to which a portion »f raibonatc is acldc'd, .iiid the wliolc main- 
tained in constant ebullition On allowing tlic solution to cool, a 
ba'ie periodate ol soda is deposited in tufts of silky crystals, and the 
thloiide of sodium, formed at tlic same time, letaincd in solution 
'fills basic jieriodate ot soda, wliuli is almost insoluble m cold water, 
1 -, dissolved in nitric .leid, and nitiate of silvci added, which throws 
(lew 11 a basic pi'nodate of silver, also of s]).vim>» solubility Tlie Iasi 
silt Tiiay be washed, and alleruaids /lissolved in boiling nitric acid, 
iiul the solution oil cooling vields oiange-)ellow enstals of luntial 
l>iii()d.it( ot sdver Tt is uniaikablc licit w'hen these (i\slals aie 
thiowii into water tiny aio iletomposi d, the whole o\ule ot silvei pie- 
fipil ding until bait the piaiodic aeid, as the foiinei basic periodate, 
while bait ol the acid is dissolved by the water without a trace ot silver, 
111(1 obtained iii a state of piuilv Tins soluhou when evajioi.ited 
,if[ui(ls periodic acid in ciys(als, which aie iinalti i.dilc in the an, and 
(if vv Inch the so^lilon in water is not change cl by ebullition The 
(ivstals liisc about il66" (160° C) The solution, tii'atcd with hy- 
(liochlonc acid, allords c lilonne and lodu ic id, walci being formed. 
I’t'i iodic acid IS losolved into o\}gcti and iodine by a high tem- 
pi ntnre 

VcnodatC', — Besides neutral salts ol Ibis .icid, subsalts ol the 
ixitasli family eM&t wliicli certain two ot base to one of .icid. ^’hc 
sp.iniig solubility of the b.isic salt ot soda is the most ii'inaikable 
(liaractei of periodic acid Tine subsaKs ol th<' jiolasli i.imily aic 
soi'cticmcly unnsiial, tluit it is more piobable that peiiodie arid 
I'll ins a second and bibasic class ol salts, to wine h tiny belong The 
jieiiod'ates arc decoimioscd by heat like the lodatcs, but yield more 
owgen 

hiflidf' nf )n(io'ion — Diy iodine and ammonia unite dirccllv, and 
fiMii a brown licpvid, of which the loiiiiula is 6(11^^) l.^ But when 
fligosted ill tk’ solution of ammonia, iodine acts upon that siibslance 
ss chlorine does, and foims an msolnhh, black powder, vvliicli is 
powerfully ih'tonaiing, and an ilogmis to tin (lilmide ot nitrogen 'I'lu 
iodide deloniili's more easily, hut hss \ioleiillyi than the ehlondo, ,il- 
ways c\])lc)ding spoiilaiieously when it’^lrus Aimlhca process is to 


* l’o!rpi.ii(]urtF s \nimlcii, iwiii 111 
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mix a great excess of ammonia with a saturated solution of iodine in 
alcohol, and afterwards to add water so long' as iodide of nitrogen 
precipitates The filter with the humid precipitate should be divided 
into several pieces, otherwise the whole nwiy explode at once upon 
drying. 

Although named the iodide of mtrogen, this substance containg 
hydrogen as a constituent, according to the observations of M Bnicdu, 
and may bo represented by IjUN , or ammonia in which 2 cqs of 
hydrogen are replaced by 2 cqs. of iodine The same substance is 
represented by Millon, asJjN+ 21 J 3 ]V. 

When caustic soda is added to the solution of iodine in alcohol or 
wood-spirit, a yellow substance of a Stilfron odour precipitates, ninth 
was supposed at one time to be the poriodide of carbon, but is really 
todofonn, of which the foniiida is CjHIj No true iodide ot caiboii 
is known 

Iodide of sulpha i — I’liis compound is foiincd by fusing togctlicr 
4 paits of iodine <iiul 1 of sulphur It has a radiated crjsi.illiiiu 
structure, but its clcininits aie easily disunited, the iodine escaping 
entirely fioin this com])ound whm it is left exposed fii the air. 

Iodides of jihosphoius — iodine appears to combine mill plios- 
pliorus in seveial propoilions, when they arc brought lu contact aiul 
slightly heated In all these combinations the mass becomes hot 
without iiiflaiiung, if the phosphorus is not at the same time iii (.on- 
tact with air One part of phosphorus with G, 12, and 20 parts of 
iodine, forms fusible solids, wliicli may, be sublimed without clMiii;c', 
but which are decomposed by water, all of them yielding hydiiodiL 
acid, and the first affording, besides phosidiorus and phosphoron-. 
acid, the second phosphorous acid, and the tlurd phosphoric acid 

Chloiides of todinc . — Chlorme is readily absorbed by dry iodine, 
when the latter is in excess, a protochloride, ICl, appears to be 
formed , and when the chlorine is in excess, a tcrchlonde, ICI 3 

Berzebus produced the protochloride by distilling a mixture of 1 part 
of iodine with 4 parts or more of chlorate of potash There is formed m 
the retort a mixture of lodatc and perchlorate ol potash, at the same tune 
that oxygen gas is disengaged, and the chlonde of lodme is prodiictil, 
whicli condenses 111 the receiver. This compound is a yellow or red- 
dish liquid, of an oily«eonsistencc,,of a sharp and peculiar odour, and 
taste which is feebly acid, 'but very astnngciit and rough. It i!> 
soluble m water and alcohol , and ether extracts it from its aqueous 
solution unaltered, so that it is not decomposed by water. ' 
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yfhen iodine is saturated with chlorine, it forms a compound 
wliich IS solid and ciystalhzablc, and of a ydlow colour , fusible by 
heat, but which cannot bo subbmed without loss of chlonne It 
fames in air, and has an acrid odour. When this tcrcldoridc of 
iodine IS dissolved in water, and the solution saturated with carbonate 
of soda, chloride of sodium is formed, and some lodate of soda, while 
at the same time a large quantity of iodine precipitates By the 
continued action of chlonne upon iodine in a considerable quantity 
of water, the h((uid becomes at last entirely colourless, and then 
contains nothing but hydrochloric and lodjc acids 
Bromides of iodine . — Iodine liVcwise forms two bromides, which 
arc both soluble in water The solution bleaches litmus paper 
without first reddening it. 


SECTION XI 11 

' FLUOIUNK 

Bq 18 70 0 ) 233’8, E, detmiy {hypothetical) 1292 ; [ | | 

This elementary body is most frequently found in the mineral 
kingdom in combination with calcium, as fluoride of calcium, whicli 
constitutes the mineral fluor-spar, it exists in sm.ill quantity in 
junphibole, mica, and most of the natural pliosphates ■ a trace of it 
also occurs in the enamel of the teeth, and in the bones of animals. 
01 all bodies, fluorine {ippeius to possess the most powerful and 
general affinities, and to be, therefore, the most difficult to isolate 
ami preserve for the study of its projiertics Indeed, wc have hitherto 
learned little more of fluonne than that it exists and may be isolated. 
Several of its compounds, however, arc of less difficult preparation, 
and well knqwn. 

Sir II Davy made several attempts to isolate fluonne. He ex- 
posed the fluoride of silver in a glass tube to gaseous chlonne, at a 
high temperature, and found th^t chlonde #f silver was produced, 
cUid fluonne therefore hberated , but it was absorbed and replaced by 
oxygen, which it disengaged from tlic adica and soda of the glass. 
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When Davy repeated the same expenment iii a platinum vessel, the 
metal became covered with flaondc of platinum He proposed 
afterwards to construct vessels of fluor spar for the reception of tlip 
fluorine, which he expected to disengage fiom the fluondo of plio>,. 
pliorus by burning it in oxygen gas , but he does not appear to have 
earned this project into execution The Messrs Knox and HI 
Louyet have announced that they have separated fluonne from tin 
fluondcs of silver and mercury, by treating these bodies with chlonnp 
or iodine in vessels ol fluor-spai, when fluorine was disengaged in 
the form of a eolouiloss gps. Gold and platinum did not apjicar to 
be acted upon by fluorine, except when it w^as in the nascent state 
No compound of fluorine and oxygen is yet known, but a coin- 
pound of fluoiinc and hydrogen is easily formed, and is of impoitaiice 
from its apphcatioiis 


HYDllOELUORIC ACID 

^(7 19 7 or 240 3, HP. ^ 

Schwankhardt, of Nniembcrg, observed m 1670, that it was pos- 
sible to ctcli upon glass by means of fluor-spar and sulplmne and, 
but it was not till 1771 tliat Sclieelc refeiied 11ns action to a p.uti- 
cular acid winch sidpliurie add disengaged fioin fluor-spar Weii/il 
first obtained tlic true hydiolliioiic acid, cvcnipt fiom silica, by inc- 
paiiiig it in piopci metallic vessels, tlic' acid collected by Schecio 
being the fluosilu le, and not the hydroHuone The preparalion and 
projicrties of (lie pine acid weie more fully studied by (Jay-rjiisbac 
and Tlicnard m 1810. It was then known as fluoric acid, and l^a^ 
supposed, accoiding to the doctimc of the day, to contain oxygen 
The idea of its being a hydrogen acid w.is first suggested, a fiav 
years afterwards, by M Ampere, whose views in tbcorctical cbennstij 
were often marked by much acuteness and originality The view of 
Ampere w as gi nerall v assented to, and is coiitnmed by thc^somorplnsin 
of the fluorides with the chlondcs, bromides, and iodides, obscivcd 
by M Loiuet 

Pfijuiuitwn — To o|jtam hydiolluonc acid, a spcciineii of ihior 
spar IS selected, tree troin sibceous minerals and galena, this is 
reduced to .m impalpable powde , niid distilled m a retort of IcjJ 
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fig 150), by a gentle heat, such as that of an oil-bath, with tiiicc its 

weight of highly concentrated oil of 
vitriol Tlip mutenals become viscid 
and s«cll considerably, and an acid 
vapour distils over, which is even moi e 
acrid and suffocating than chlorine, 
and produces sevci e sores if allow ed to 
oondoiisc upon Ihc hands of the ope- 
ratoi This vapour is received in a 
bent tube, Jikewisc of lead, used as a 
receiver, and kept cold by a freezing mixture, in which the hydrolluonc 
acid condenses without the prcsnicc of water The acid thus obtained 
may be preserved in vessels of platiiiiun oi gold, provided with 
stoppers of the same metal which fit accurately , or m vessels of lead 
fouricd without tin solder, tin being i.ipidly acted upon by liydio- 
fluoiic acid If a dilute solution of tins acid in water is leijuircd, 
the extremity of the le.ulen tube, fiom the retort, may be allowed to 
louch the surface of water in a platinum crucible or cnpside, by 
which the aciif* vapour is rivulily condensed, and flic dilute acid may 
be pi eserved, without much contamination, lu a glass bol tie whiih 
lias been previously heated, and coated intei 11 , dly with mellul bees' 
ii,i\ 

Fluor spar, wliicli is employed in tins oiicralion, is the llnondc of 
i.ihiiim, upon which the action of hvhatcd sul])hiinc acid is smnl.ir 
to its action upon cliloiidc of sodium, when liidrothloiic acid is 
inodnccd "Water is decomiiO'cd, h> the liydiogeii ,md oxygen of 
which the (Inoniie andcahuiui .iie coiivcilid Kspeitndy into liulro- 
lluoric .icid and lime, the tormei coming oti ,is vapour, while the 
laltei reiuaiiis in the retort .'s snlph.ite ol Imie In symbols — 

CaF and 110 SOj=lTF .nid OaO 

PiopetUe'i — The and IkiuuI obluiiied by the preceding process, 
nliiih lias Intlierto been couMcleicd as llic' .nihidious acid, is, 
according tv M fjouvet, a lijdiatt Distilled with anludrous 
.phosphoric acid, il loses walei, and givis use to a colourless gas, 
luinmg in air like Indrochloiic acul, which is tlic true anhyclrons 
hydrolluonc acid M Jjouvet finds tins gaseous acid to have no 
''Ciisihle action upon dry glass » 

•The foimei inodnct is a'coloiiiless, fuming, and very volatile 
hcjuid, boiling not mucli above 60° , and which does not fieeze at 4° 
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It3 sp. gr , which IS 1 0609, is increased to 1'25 by the addition of 
a certain quantity of water, for which it has an intense affinity. 
HydroOnonc, like hydrochloric acid, dissolves the more oxidahlc 
metals with the evolution of hydrogen gas. 'Mixed with nitnc acid, 
it dissolves ignited silicon and titanium, with disengagement of nitnc 
oxide , hut that acid imxtuic has no action upon the nobler metals, 
sucli as gold and platinum, which are dissolved by aqua regia 
Several insoluble acid bodies, which are not acted on by sulphuric, 
nitnc, or hydrochloric acid, ate dissolved w'lth facility by hydrolUionc 
acid , such as silica, tilanio, tantalic, inolybdic and tungstic acids 
Water is then formed fiom the oxygen of these acids and the 
hydrogen of hydrolluoric acid, and tluondcs of silicon or of the 
metals of the acids enumerated are hkewnse produced , wliicli 
lluondes appear to combine with uudecomposed liydrofluonc acid, 
when W'atcr is present Tins acid destroys glass by acting upon its 
sihca. If a drop of the coiiccntiatcd acid be allowed to fall upon a 
glass plate, it becomes hot, enters into ebullition and volatilizes in a 
thick smoke, leaving the spot with winch it was m contact deeply 
corroded, and covered by a white powder composed of the element'^ 
of tlio glass, excepting a poition of the silica, winch has passed off as 
gaseous lluondo of silicon. 

The diluted solution, or the vapour of liydrofluonc acid, is sometimes 
Used to etch upon glass. The punty of the acid being of little 
moment m this application of it, the sulpliunc acid and fluor spar may 
be mixed m a stone-wairc evaporating bafin. The glass is warmed 
sufficiently to melt bees’ wax lubbeil upon it, mid tliereby covered 
with a coating of that substance, which is afterwards removed fiom 
the parts to be etched, by a piomled rod of lead or tin, emjdoyed as 
a graver. A gentle heat being apphed to the basin, acid fumes ,iro 
evolved, to which the ctclied suri^e of the glass is exposed for a 
imimte or two, care being taken not to melt the wax. The wax is 
afterwards removed by warming the glass, and wiping it with taw aiif! 
a little oil of turpeiitiiic, when the exposed hues are found engraved 
to a depth proportional to the time they have been exposed to tlic 
acid fumes. But in taking impressions upon paper from glass plates , 
engraved m tins way, as from a copper-plate, they are too apt to he 
broken from the pressupi applied iiuprmtiiig. 

To discover the minute quantity of hydrofluonc acid which exists 
in many mmcrals, Berzchus recommeilds that the substance to he 
exammed be reduced to flue powder oud mixed with conCtautrated 
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sulphunc acid, m a platinum crucible covered by a small plate of 
gliss, waxed and engraved as described. The crucible is then exposed 
to a gentle heat, insnlTicient to melt the wax, and, in half an liour, 
the glass plate may be Removed and cleaned. If the mineral sub- 
mitted to the test contains fluorine, the design will be perceived upon 
the glass ; when the quantity of fluorine, liowevcr, is very small, the 
engraving does not appear immediately, but becomes visible on 
p.is3ing the breath over the glass. The presence of silica in the 
mineral interferes with tins operation, but an indication may then be 
obtained by heating a fragment of the mineral to redness upon a 
piece 01 platinum foil slipt into a glass tube, 8 or 10 niches in length, 
and open at both ends The tube is held ohliquely with the mineral 
near the low'cr cud, and so that part of the vn])oui from the flame 
jiasscs up the tube Tlic moisture thus inttodiiccd carnos away 
the gaseous fliionde of silicon, and condenses in diops m the upper 
])ait of the tube Thu'C (hops, wrlicn afhswards ov.qioiated, in drying 
t!ic tube, leave a white spot, which cou-,ists of sihc.i, coming fiom 
the decomposition of the fluoride of silicon by the w atcr with winch 
it condensed, ''(ller/eliUB). 

F/uonde of hot on , /litoho) ic acid, 67 0 or 867 5 , BP,. — This 
compound is gaseous, and is obtained when dry boiacie acid is brought 
in contact with concentrated hjdiofluonc acid , when boracic acid is 
ignited with fluor spar , and most conveiueiitly by heating together 
ill a glass retort, 1 part of vitnfled boracic acid in fine powder, of 
lluor spar, and 12 of cpnceiitiated sul[)huric acid, although this 
process does not give it free from iluosihcie .acid The reaction by 
which the fluobonc acid is then produced may be tlius expressed — 

SCalf and BOj and :3(I10 SOj) = 3(CaO SO3) and 3110 and Bl’j 

I'luobonc acid gas lias no action upon glass, and may be collected 
m glais vessels ovci mercury. It is colourless, but produces thick 
fumes when allowed to escape into the atmospheri’ Its density 
according to Dr J Davy is 2371, and 2312 according to Dumas, 
who finds 1, volume of this gas to contain 1-L vol of fluorine Fluo- 
, bone gas is not decomposed by iron and the ordmaiy metals, even at 
a bnght red lieat, but on the contrary, potassium, with the metals of 
the alkalies and alkaline earths, .decomposes# it at a red heat, boron 
IS liberated by potassium, and a double fluoride of boron and jioIjs- 
Bium also formed. Water absorbs fluobonc acid gas witli the greatest 
avidity* taking up, according to J. Davy, 700 times its volume, which 
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increases its bulk considcriibly, and raises ils density to 1 77 Sul- 
phuric .icid can dissolve 50 times its volume of the Iluoiide of boron 
The most ready mode of prcpaniig the uiiueous solution of this atid 
IS to dissolve crystallized boracic acid iii Itydrotluonc acid The 
acid is extremely caustic and coirosivc, charring and destroying wood 
and organic matters, when coiicentiatcd, like sulphuric acid, probably 
from its avidity for moisture 

A dilute solution of lluoridc of hoi on undergoes spontaneous de- 
coni])o''ition, according to Ber/chus, depositing one fourth of its 
boron m tlie foim of horaeic .icid, which cry'^tallizes at a low' lein- 
pciature, while a compound of hydroduonc acid and fluoiide t)i 
boron remains m solution, which \w \cnmA hijdiujhtohoi tc (k h! 
Tlic lluoridc of boron has a gicat dis]K»sition to form double fluoiidcs^ 
and acts upon basic metallic oxides like the following compound 
Fluondp of silicon, flHo\ih(u acid, 77 d5 oi 908 12, Si I', — 
This gas IS obtained in the follownng manner — Equal parts of (!uoi 
spar and broken glass or ((iiartzy sand, in fine powder, are mixetl lu a 

glass flask a (fig 151), to be used as 
a retort, with six p.nts ctl eonccniiated 
sulphuric acid, and stirred well togetliui 
A disengagement of gas inirntdiately 
takes pLiee, and the mass swells uj) 
coiisideiabU After a time, a gcnilo 
heat IS ie([nir( d to aid the operation 
I'liiosilu 1 C gjis IS collected ovei mei- 
euiy In it' physical characters it 
resembles lliiobeiic giis It is eoloiii- 
less and lunie'' lu air, it cxtingui''lies 
bodies in eomlmstion, and does not 
attack glass Its density is S’jTI according to J Ihny, and ObOO 
according to Dumas, it contains twice its volume of tluonnc 

Til ticiiismitliiig this gas into watci, the tnlic must not dip in the 
fluid, tor it would speeddj be ihokcd b\ the deposition of silua pro- 
ilu( cd tiy the action of water upon tin gas In tlic arrangement 
figured, the extremity of the exit lidie is covered by a small coluiim 
of me-cim m, ni the lower pait of the jai, through which the gas 
passes bc'tore it i cat lies the water le • T^veiy bubble of gas cxhibili' a 
remarkable plieiiomt lion, as it *cntcrs the watei, becoming invcsttd 
w ith a wliitc bag of silica, winch rises to fhe surface It often happens, 
ni the course ot the opciatioii, that the gas forms tubes of silica m 
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the water, tlirougli winch it gams the surface without decomposition, 
if they are not broken from time to time AVlien walci is coinjilclcly 
saturated ivith the fluoiidc of silicon, it has taken uji about oiik* and 
a halt its weight, and 13 a gelatinous, seini tiaiisparoiit iiiasv^ wliuh 
fumes m the air Thelupiid contains tuo c‘f[iii\alcnls ot watoi to 
one of the original Ihioiido of silicon hut one thud of tlie tluoiule 
has been decomposed by the water and eonviiled into Indiolluoiic 
add and silica The hydiofliioiic acid and lliioridc ot silicon, iti 
solution, were supposed to he m eonihniation In lleizeliiis, fonning 
;UIK + 2SiF„ winch was teruusl bj Vww l»/(hoflnusih( u acid AVlnii 
tins liquid IS placed m a inodoiately waim situation, the whole ol it 
gradually evapoiates , the lice hjdrolhioiic aeid icacting upon the 
d(])osited silica, with formation of w itei, and llnoiidc ot silicon being 
revived. 

The most reinarkahle propmly o( the lliioiide ot silicon is to pio- 
ducc, with neutral s,dts ol pol.ish, soda and litliia, jirctipilati s which 
aic gclal moils, and so tiaiisjiarcnt as to be sc.iicel) \isihle at (list m 
the li(|Uid, and with salts ol baiyfa, a wlnle and ciystalline piccipi- 
tate, which alppcars in a few seconds it is often employed to 
(Idoiiiposc a Stilt of potash, for the jiuiposc of isolating its acid Tl 
also serves to distinguish Sedts of baryta fioni salts of stroiitia , the 
Stilts of baryta pioducmgwiLh this iitid a &,ilt scarcely soluble in 
water, wlide the salts of stroutia aie not pionpitatcd 

Almost all the basic metallic oxides decompose this a<id, when 
they tuc einjiloycd m excess, sep.uatiiig silica, and giving ii&c to 
nictallic tluorides AVlien, on the othci li.iml, no more of tlie base 
n applied than the quantity rcquiicd to neutrali/c tlic fiec liydro- 
(luonc acid, comliiiiations arc obtiuiiod with .ill bases, which are 
analogous to double salts , consisting of ,i metallic fluoride combined 
with fluonde of sibcon, the proportion of the latter eontiumug twice 
as murh fluorine as tlie formei Tlic formula ot one of these com- 
pounds, the double tluondc of silicon and ]iotiissmin, is 2SiKj + 3KF , 
and those of other metals are sunil.ir The ratio of 2 to 3, m the 
< qiiivnleiits ,of tlie two lluotidcs which hum these clouhle sidts, is 
, unusual Jhit the double lluoiules m question in.iy be leprcscntcd 
by single cc^uivalents of fluonde of silicon and niet.dhc tluoiide, as 
was suggested by J)r Cl.iik, by .wloptnqi tlie low e((uivalent of 
''dicoii 12 6, when silica is made to consist of 1 equivalent oi silicon 
•uid 2 equivalents of oxygen, .^and the fluonde of silicon ot I eipiiva- 
Icnt of silicon and 2 equivalents of fluorine 
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CHAPTER VI. 


METALLIC ELEMENTS. 


Genebal Observations 

The metallic class of elements is conbirleralily more niiincroiis tli.ui 
the noii-metallic class, embracing forty-eight clcmeiitary bodies, Ol 
these seven only were known to the ancients, .md of the rcinanirliT, 
a large projiortion are of recent discovery 4'licii names and tlipir 
dciibitics, when accurately dcterminccl, with the dates and autliois of 
their discovery, arc contained in the following table, compiled chicHy 
from the woik of Dr Turner — t 

Table of Metah 


Name 

Hciisily 

Gold 

19 257 Bnssoii, to 19 JO I"] 

Silver 

10 47 1, ditto 

Iron 

7 778, ditto 

Copper 

8 895, llntclidt 

Mtituiy . 

IS 59G, at S2® lltgn.iult 

Lead 

11 J52, Biis'iou 

Tin 

7 291, ditto 

Antimony 

G 702, ditto 

Bismuth 

9 822, ditto 

Zinc 

0 801 to 7 1, ditto 

Arsenic 

5 884, Turner ') 

Cobalt 

8 538, Haiiy j 

I’latinuin 

20 3 16 Brisson, to 22 0G9 

Nicktl 

8 279 , Kichtci 

Manganese 

'ruiigstcn 

Tellurium 

7 500 

17 G, D'Elhiiyart 

C 115, Klaproth 

Molybdenum 

7 400, Tliclm 

Uranium 

9 000, Bucliolz 

Titauinm 

5 3, Wollaston 

Chromium 

5 9. s 

Tantalum 

FaUadium 

11 3 to 11 8, Wollaston 

Rhodium 

10 640 

Indium , 

18 680 

Osmium . . . 

10 0 


Halts anil Authors of the Jlisroviry 


Known lo tlic Ancients 


14'J0, described by Bnsil Valentine 

15 JO, described by Agricola 

ICtb century, first meTiUoutd by 1’ ir ici 1 j 

Brandt 


17 11, Wood, ossay-moster, Jamaica 

1751, Groiisledt 

177 1, Raliu and Sthtclc 

1781, U’Ellmyart. 

1782, Muller * 

1782, Hiclm 

1789, Klaproth 
1701, Gregor 
1797, Vanqnelm 
1802, Hatchett 


1803, ’Wollaston 

•I ' 

t8d3, Hcscotils and Smithson Tennant. 
1803, Smithson Tennant * 
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Table of Metal * — continued 


Name 


Density 


Dates and Authors of the Dii]<ov('r} 


t cniim 


ISOl, llisingur and Uerzcliua 

Totassinm 

Suiliuiii 

llanran 

0 865 ■) Gay Luasac and 1 

0 972 J Thcnnrd j 

1607. Davy 


hti outium 

Till Cl am 
r.ulinium 

8 604, Stromoyer 

1818, Stromeyer 

Tjitliiiiin 


1818, Aifwodbun 

/irroniiim 


1824, llcr/tlius 

Alnminimi 


• 

CilnLinum 


1828, Wobkr 

yttrium 

Thonum 


1829, Jlor/olius 

Atiigucsiiim 


1829, lJussy 

V,uudium 


18 JO, Scfotioni 

Laiilanum 

Diilymiuin 


1829, Aluaiuiikr 

tirbiuni 

Tirbium 


Since IS (0, Aloaaudci 

Ituthcniuin 


1841, Klaiia 

IMopmm 

Niobium 


1845, H Rose 


Of the pliysical properties of metals ami Iheir combmatioiis with 
eacli other, the most ( liaracteii'-tic is tlioir lustre and power (o reflect 
much of the light whicli falls upon them, — a propeity exhibited m a 
liigli degree by burnished steel, speculum metal, and the relief ting 
surface of incrcury iii glass mirrors Metals aic also remaikable foi 
llieir opacity, although they have a certain degree of tiansj).irency iii 
a lughly attenuated state, as fine gold-lc.it allows light of a green 
colour to pass through it Tliey aie peculiaily (lie eoiidiictots ol 
electncity, and also the best conductors of beat 'J'ho most dense 
substances in naturi' are found among the metals, — gold, foi instance, 
being upwards of mnclccn, and lainiiiatcd platinum tweiity-tw'o times 
heavier than an equal bulk of water But some ol the niet.ils, not- 
wthstandmg, arc very light, potassunn and sodium lloating upon 
the surface of water. 

Certain metals possess a valuable pioperty, malleability, dcjiciiding 
upon a high tenacity With a certain degree of softness , particularly 
gold, silver, copper, tin, platinum, palladium, cadmium, lead, zinc, 
iron, nickel, potassium, sodium, and. solid mercury. These met<ils 
uiay all be hammered out mtp jilates, or even into tlini leaves In 
Zinc tlq^ property is found in the Inghest degree between 300° and 
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400°, and m iron at a degree of temperature exceeding a red licai 
The same metals are likewise ductile, or may he diawn into wirocj 
although the ductility of diffeicnt m<'tals is not alwa}? proportion, tl 
to their mallcabilityj iron being highly ductild, although it eamiot be 
beaten into very thin le.iK's Jly a peculiar method, I'll’ "W olLiMou 
formed gold wne so small tli<d it was only l-5()00(h of an nidi m 
diameter, and 550 feet of it were leipiired to weigh one gi.iiii He 
also obtained .1 wire of plat iiiiiiii not more than l-30,0t)()lh of an 
inch 111 diainetu* The ton.iufj of dilhieiiL metals is detininiKil 
by ascertaining the w'eiglit mpiued to break wnes of them Ininni); 
the same diameter Tion appears to ])osscss th.it property in tlio 
greatest, and lead m the least degree It has been observed hj 
Bauihsmont that the tenacity of wiics of non, copper, and brass, is 
much injured by anne.ihng themf. A few of the malleable metals 
can be welded, or portions of them joined into one by hammeriiisT 
them together. Rcccs of non or platinum may be united in tlii'- 
manner at a bright icd lieat, and fragraenta of potassium miy be 
made to adhere by pressing tlicm together with the hand at tlie tem- 
perature of the air Many metals are only malleable ii"! a low degree, 
and some are actually bnttlc, — such as bismuth, .intiinony, and aiMinic 
Tlic metals, with tlio exception of mercury, are all solid at fli( 
temperature of the air, but they may be hq[uiiled by hc.it. Tin ii 
points of fusion are very difTerciit, a.s will apjicar fioin the follow ini' 
table 


Table of the b'mibilitij of dijffeienl Melalh. 


FaUK DlflTEnENT Cuf mists 


pMercuiy 

PotnsBiuni 

Sadiunt 

Tin 

Bismulli 

Le.iil 

Fusible below a Trllunnm — rather less 
red heat fusible than kail 

A rscnic — uiidcteriiiiiK,d 
Zinc 

Antimony— a little below 
a red heat 
Cudmium 


—30° 

100 j tray-Lussac and Thciiard 
442 y 

497 { Crichton 
612 ) 


Klaproth 
773 Damcll 

,442 StioniLyir 


* Philosophical Transactions, 1813 
t Annaica dc ('him cl de Phys la 78 
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Table of the Fusibility of different Metals — conhnucd 



Fahk 

DiFVSUbNT ClIFMlsrs 

fSilver 

187^" 


Copper \ 

1090 

Darnell 

Gold 

2010 


Cobalt — rather leas fusible 
than iron 

Iron, cast 

2780 

Daiucll 


tiiobt iiifubible, mid not to 
111 " jirtHiiied in biitfona by 
tin* licnt itf a smith’s luigc 


Iron, malleable 
ATanganese 

Niekd — nearly the same as cobalt 

I„ln,ib c bilowj MoiytdLnuni 
n red heat 

T’ungaleii 
Chromium ') 

Titanium 
Cerium 
Osmium 
1 ridiiim 
llhodmm 
Pldlimim 
Culiimbiuin 


Requiring the highest heat of a smith's largo 


1 " 


isilili 111 fore (he o\i- 
liyiliugiu bluiv pipe 


Infusible 111 the beat of n simih’s forge, but fusible 
before the o\i-hj drngcii blow-jiipc 


The metallic elements are, iii goncial, highly lixed substances, 
allliougli it IS jJiobablo that all ot them m.iy be (Iissipatcd .tt the 
highest temperatures The following inetaU aio so volatile as to be 
orcasionally distilled, — cadmium, meituij, iiisciiic, tellunuin, sodium, 
potassium, and zuic 

All the metals are c.ip.ible of uniting ml It o\ygcii, but they diller 
guMlly from each other in their afhinty toi tliat oleiiicnt The grealei 
iiinnber of them ahsoib oxygen fiom dry air at the usual tcinpinalnio, 
.iiid undergo oxidation, wh]cli is only slight and sujiorficial in many, 
blieii they arc in mass, but may bo complete and pertect in the same 
iiietalsj when they aic higlily divided, and iii a favourable state ioi 
combination, as m the lead and non jijioplionis exposed to air 
The same metals exhibit, at a high teinpeiature, a more iiitcn.se 
affinity t^or oxygen, and combine xvitli the phenomena of combustion 
The metals have been arranged in six groups oi scclioiis, diH'cring 
111 their degrees of oxidability 1. Metals which decompose water 
'vi'ii at 32®, lytli lively effervescence — miinely, potassium, sodium, 
hthium, banum, strontium, calcium 2 Metals winch do not de- 
compose water at 32®, like the metals of the preceding class, they 
do not decompose it with a lively efl^rvescence, ijxcept at a temperature 
iipiiroaching 212®, or even higher, but aWays much below a red heat 
hi this class arc found magnesjum, glucinum, aluminum, /ircoiiiuin, 
dionum, yttnuin, cerium, and manganese 3 Metals which do not 

2 r. 
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decompose writer except at a red heat, or at the ordinary temppratun 
with the presence of stiong acids This section comprehctuls non 
nickel, cobalt, zinc, cadmium, tin, chromium, and probably vanddnnti 
Iron is rapidly corioded in water coiitaiiiing carbonic acid, mill tlio 
evolution of h> drogen 1 Metals winch decompose tlie vnjjoui oi 
water at a red heat with considerable energy, but nlncli do iiol dc. 
compose water in presence of the strong acids Tliey .iie tinigstm, 
molybdenum, osmium, tantalum, titanium, antimony, and uraimnn 
These metals appear to be ineapable of d('com]iosn)g water m roni.ut 
with acids, because then oxides have hut a small basic powoi, Ikhic', 
indeed, bodies wliifli aic ranked among tin: acids 5 Aht.ik of 
which the oxides arc not decomposed by heat alone, and wliu li ik. 
compose water only iii a feeble m.inner and at a \ eiy high teinjieialiin 
They arc also distinguished lunn the preceding r lass by tlieir tcndi iu\ 
to foim basic and not acid oxides These metals aic cojipei, U.ul, 
and bismuth G ^litals ol which the oxides aie icdiicible In luat 
alone at a tcmperatuic more oi less elevated these metals do not 
decompose water in any cncumstanccs They aio mcienrv, sihiij 
palladium, pkitinum, gold, and probably rhodium an/1 iiulnim < It 
is to be rcmaikcd of nearly all tlic metals winch decomfiose the vapoiii 
of Wdtci, and consequently sejiaiate h 3 diogen from t)\ygen at ,i fcrkiia 
temperature, that their oxides are reduced, notwitlistaiithiig, with guMi 
facility by hydrogen gas, and within the same limits of teinpuatiin 
This anomalous result has alriadj been advei’tcd to in reg.iid to non 
(p. 225) 

Of the non-inctalhc ehments, hjihogeii only foims an o\idi 
capable of uniting as a base with adds U is a gcni'ial cliai.u.lu nl 
the metals, on the eoutrary, to form such oxides, it lellniiuiu ln 
excepted, winch is more analogous in its clumical jiropcities to 
plmr than to the metals. ITince, as the foimei class aie pinicqull' 
salt-iadicals, the latter ivrc principally basyls. 

The protoxides of metals arc unifoiinly and stiongly basic, liul 
this feature becomes less distinct in then superior oxides, aud pas'-is 
into the acid character in the high degiees of oxidation of wliuli 
some metals are susceptible Thus, of manganese, the protoxidi i- 
a strong base, the sesquioxidc basic, but m a less degree than du 
protoxide, the binoxide indilfercnt, and the still higher oxides ,iic 
the manganic and permanganic ' acids, which are respccfnely ifi' 

* RegDaull, Aniialcs de Chiin* el de Pliys Ixn 3flS ^ 
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morphous with sulphunc and perchloric at ids A few metals which 
hmc no protoxides, such as arhcnic and antimony, are most 
remarkable for the acids they form witli oxygen, and thus raoie 
leseniblc in their clicmic'al hi'-tory the elements of the i ion-met, dli< 
class It IS, indeed, impossible to diaw an exact hue of demarcation 
between the two classes of elements, cither with retcrcnco to lluii 
plivsjcal or chemical properties 

llesides combining with oxigen, metals combine with suljihur, 
chlorine, and with other salt-iadicaK, w htdlier ''imple or compound , 
and hence sulphides, chloride'-, .md luiineBons olhei senes of nict<illi( 
conijiounds Of these senes the sulphides most resemble the coi- 
re'-pondiiig oxides of the sdino metals, the rhloiitles .uid otlici senes 
iwrt.xkc more stioiigly of the s.iline rhai.ictci E.ieli mct.il, oi c]a«s 
ol metals, atlccts coinbmali on w itli oxygen in (eil,iin propoilioiis^ 
and combines also with suljiliiu, <liloniie, &e m the same juopor- 
lioiis Hence, gi\cn the foiinnhe ot the oxides ol ,i imtiil, (lu foi- 
miiLc of its sulplndes, chloiuU'', Lc ma\ gineiall} be piedic.ited, .is 
iluy correspond with the lormer Thus the oxulis ot non being 
1\0 and FejCf,, the sii]])]iides .iii Fi S and bVjB, and the diloiides 
i'cCi ,uid FojCl,, the oxides of aiscnu, or aiseiuoiis and aiseiiic 
.icids, being AsO^ and AsO,, tin snlpliidcs of that melai ,iie AsS^ 
and AsSg, and the cliloinhs A^Clj .uid AsClg Ihit sonutiirieis 
a iiiehil unites with siilplim m more lalios llmi willi oxjgen , bolli 
iron and arseme, foi exanijile, possessing each .v sulphide to whit li 
they have no coiiespondiiig oxidi', iiaimly, non jniiles .md n .ilgar, 
of which the foimiilcC are reS^ and AsS^ 'L'lie polassium l.iniily of 
rnet.iJs eombiiie also with thiee and tive ccpnvaluits ot snlpliiu, 
'uHiout all iinitiug with 0x3 gin 111 siuh liigli piopoitions Again, 
eirtam metals of the inagncsuni .md its allied lariiilies, such as m.ui- 
gnnese and cbroimum, loim <icid lomjKnmds willi 0x3 gen, lo winch 
Mu corri*spomling sulphides exist, such as manganic .mil iliromie 
acids, MnOj and Cl ()j But the cm umslaiice that these acids sire 
■''Oniorplions with siilphmu .uid, and tlie riiet.ils tiny coni, im iso- 
Ttioiplious with sulphur, njipc.ns to he a sutriiieiit n.ison why there 
should not be similar sulphur aciiN The clilondcs of .1 metal 
generally corresjiond 111 number, as they always do 111 composition, 
I'ltli the oxides, 111 some cases tlnjy are less ii,uincrous, but novel, I 
beheve, more numerous than the oxidct'of the same met.il 

Combination takes place wiLhiii a series , that is, oxides combine 
"itli oxnles, sulphides witli sulphides Those members of the same 



516 


METALLIC ELEMENTS. 


senes which differ greatly in chemical characters being most disposod 
to combine together, — as oxygen acids yitli oxygen buses, sulphur 
acids with sulphur bases Chlondcs also combine with chloiuhs, 
to form double chlondes, and iodides with iCdidcs. 

Compounds belonging to different senes, on the contrary, lo not 
in general combine together, but often mutually decompose^ i.uli 
other when brought into contact Tlius li 3 dic)cblonc and .iiid 
potash do not unite, one belonging to the tliloriiic and the to 
the oxygen scries, but form watci and cbloride of pot.issimn, 
mutual decomposition, as explauied m the following di.igirim — 


Beforo decomposition 
Ilydrocliloric ^ Hydrogen 
.icul 


Polasli 


1 J O — 

I Clilonuc 
fOvygi 
e Potris 


;eii 
.issiuin 



.Water 


Alter dceomposilioD 


Clilonde of Potassunn 


In the same manner, sebijui-oxide of iron, when dissolved in liydin 
chloric acid, produces water and a iicicliloridc of iron coirespontlnii' 
with the peroxide — 

3HC1 and Pe^O, = 3110 and CI 3 


And in all cases when a metallic oxide dissolves in hydrorhloni 
acid, without evolution of clilorme, Ihe chloiidc produced ncc("'S.iiil\ 
corresponds with the oxid< dissolved Again, oipimcnt, or suli)Ii 
arscnious acid, does not combine with potash, when dissolved m Ihat 
alkaline oxide, tlie /list being a sulphur and the second an oxygm 
compound, but gives nse to the formation of certain proportions ot 
arscnious acid and sulphide of potassium — 


Before dccompoBition 

Sulpharscmous c Arsemc 
acid 1 3 Sulphur . 
■ 3 Oxygen 
. 3 Potassium 


3 Potash ^ ] 



After dccompositioQ 

Arsemous acid. 


3 Sulphide of potassium 


Two pairs of compounds of different senes, then, co-cxist in tlic 
hquid, — on oxygen aci^, arsemous ecid, which unites with the oxygen 
base, potash, and a sulphur blise, sulphide of potassium, which unites 
with nndecomposed sulpharsemous atid. Hence the result of dis- 
solving orpunent m potash is the decomposition of both compounds 
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and formation of two salts of different senes, arsenitc of potash and 
sulpharsenite of sulphide of potassium 
The union of metallic compounds of the oxygen and sulphur 
series 13 a rare occurrence But the red ore of antimony is such a 
combination, and oxisulphides of mercury also exist Compounds of 
metallic oxides with metallic ehlondes, and with other highly saline 
binary compounds, are more frequent , but they are not to bo placed 
111 the same category with the compounds of individuals both belonging 
to the same senes, winch last arc neutral s<dts For a metallic oxi- 
clilondc may generally, if not always, be viewed as a chloride to 
11 Inch a certain proportion oi metallic oxide is attached, hke constitu- 
tional water in a hydrated salt. That metalhc oxide is likewise 
.ihays of the magnesian class, or of a class allied to it. Oxichlondcs 
arc llien to ho associated with those salts of oxygen-acids usually de- 
nominated subsalts (page 194) , the oxichlondcs of lead and ot 
copper, — 

PbCl + 8PbO and CuCl+CuO, 

with the subaCetates and subsulphates of the same metals 
An mn/emoit of meUtUu ilements — A distiibution of the metals 
into tliioc classes is generally m.xdc, composed respectively of the me- 
tals of the alkalies and alkaline caidhs, the metals of the earths, and 
the metals ]jroper The latter class again is subdivided, according 
to the affinity of the metals contained in it for oxygen, into two 
gioups — the noble and common metals , the oxides of the former, such 
.IS gold, silver, &c , abanflomiig their oxygen at a lugh temperature, 
abile the oxides of the latter, lead, copper, &c., are undccomposablc 
by heat alone In treating of the metals, I shall introduce them iii 
tlic order which appeals to faciliUitc most the study of their combina- 
tions, with a general reference to tins classitication. For subdivisions, 
I shall avail my'-elf of the natural families into which the elements 
have been arranged (page 168), winch have the advantage of bnnging 
together those metals of which the compounds arc most frequently 
isomorphous The dillcrcnt luet.ds will tlicrcforc be grouped under 
the following orders — 

1. Metallic bases of the alkahes — three metals — 

Oxides 
Potash. 

> . Soda. 

, Litliid 


Potassium 

Sodium 

Lithium 



518 


METALLIC ELEMENTS. 


II Metallic bases of the alkaline earths — four metals — 

^ Oxides 

Barium 

. Baryta. 

Strontiiun 

Strontia 

Calcium 

Lime 

Magnesium 

Magnesia 

III Metallic bases of the earths jiropcr — seven metals — 

OiidcB 

Alimiiiiniii 

A Inmiiia 

(iluciniim 

Chiniia 

Ziicuimim 

/aiconia 

Ytliium 

Yttna, 

I'cibium 

Tcihia 

Eibiiim 

Eibia 

Tliorium 

Tlioiuia 

IV Metals piopei, of which tlie jnotoKides aie isoihorphous w 

magnesia — eight metals — 

Manganese ] 

Znic 

Iron 1 

Cadiimini 

Coh.ilt 1 

Cojipci 

JVifke] 

' la'.id 

V Other metals pi oner having I'.oinorphoiis relations wiih 

magnesian family — seven inclaK - 

- 

Till 

Tungsten 

Titanmui 

Molj bdeiium 

Cliromium 

Telhinnm 

Vanadium 


VI Mettds i«omorphous with phosphorus — three ract&ls — 

Arseme 

Bisinutli 

Antimopy 

« 

T 

VII Metals proper, not included hu the foregoing classes, 

which tlie oxides arc not reduced by heat alone — eight metals — 
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(JiAiiium 
Cciiuni 
Lantaiiuin 
Du lyiriiuiii 


Tiliimuui 

Tanttilmn oi Coluuibium 

relopmin 

Niubiim 


V ill AlcL.ils piopeij of vvliidi tiu' ovulu-i an* loilutul lo (Jil im*- 
fatafce by liual (noble iiietil-.) — tluei' mrlals — 

AlcTOury I Cloltl 

Silver 

I \ Metal'5 (miiul iii ii.ilivt pl.iliiiuiii (noble inebiK) — '^i\ nii laK — 

Pl.iliiium Osiiiiiiin 

l’<ilLuliuin KlioiliLiin 

liidiiijn > llullu mum. 


ORDER 1. 


Ml I \f I K U VSLS Ol I III. \l kVI II ^ 

SKGT1()\ I 


, r(»i vs'iiuM 

Si/H l\ \i,n y Elf 50 m 1''7 '> , K 

Till* alLilu'. anil eai His luive lomr been nainul and distiiufLiished 
lioin lacli otlieij but the\ weie not kiumn to lie (he oxides ol pecu- 
hii iiubils till a lefdil pmod 'I’lu (eiins applied lo (he luw 
nil taliic bases me loiined bom the n.imes of tin ii oxides, ,is polassiuiu 
horn potash, .iiid eak luin lioniialx, a name soincliine^ u;ivrn (o lime, 
'ilnle till' orj [final n.imes ut the oxides aie still ut.miul, as those ol 
oitliiiaiy objects, and not superseded bj .i]ipellations indir.iting their 
nl.itioii to the metals, sinli .ns oxide ol pol.issiuiii ioi polasli, oi oxide 
ol calf mm for Imio , , 

Prepatafwn — In 1807, Sii II "Wavy m.idi tlie inenioiiible dis- 
Kiveiy that potash is lesolvofl by a poweitiil voll.nc baltciy mto 
iiota&siutti and oxygen He placed a moistened liagmcnt ol hydiate 
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of potash oil mercury, introducing the termmal wire from the zme 
extremity of an active battery (the chjproid) into the fluid metal, 
and touching the potash with the other terminal wire (the zincoid) , 
bubbles of oxygen gas appeared at the latter wire, and potassium aav 
liberated at the foimer, and dissolving m the mercury, was protected 
from oxidation by the air To effect this decomposition. Daw 
employed a battery of 200 pairs of four-inch plates , but an amnlgniu 
of potassium may be <is readily obtained by a more simple voltaic 
apparatus, in the manner described at page 289 These proccs'cs, 
however, afford potassium lOnly m minute quantity Soon after llie 
existence of this metal was known, Gay-Lussac and Th^nard d^- 
coveied that potash is decomposed by iron at a white heat, and tlicv 
contnved a process by which a more abundant supply of the imtal 
was obtamed It was fiflcrw’ards noticed by Curaudau, that potadi, 
like the oxides of common metals, is decomposed by charcoal as w ill 
by iron, winch is the basis of the process for potassium now' alaais 
followed. 

This interesting process is described by khtsclierlieh, as it is sue- 
cessfuUy pursued m Germany 'Whenever cluurcoal is used to depiue 
a metallic oxide of its oxygen, the former must be in a state uf 
minute division, and be intimately mixed with the latter. Carboiiate 
of potash reciuircs this precaution the more, that it fuses at a n d 
heat, and is thus apt to separate fiom the charcoal, and sink bclon 
it It IS found that the best means to obtain a jiroiiei mixtuic ot 
these substances is to calcine a salt of potasli containing a vcgclabli’ 
acid, which loaves a large quantity ol charcoal wlicn decomposed 
Crude tartar (bitartnite of jiolash) is preferred, and for one operation 
six pounds of that salt arc ignited in a l.iigc crucible or mcltiiig-iiot 
provided with a lid, so long as combustible gases are disengaged 
The crucible is then withdrawn from the fire, and is found to coulaiii 
a black mass, which is the mixture of charcoal and carbonate of 
potash, known as black flux. It is reduced to powder, while still 
warm, and immediately mixed with about ten ounces of w'ood- 
chorcoal m small pieces, or in a coarse powder, from which tlie 
dust has been separated by a sieve. The use of this additional 
charcoal is to act as a sponge, and absorb the potasli when liquefied 
by heat. The mixture js introduce! into a bottle of wrought iron, 
and a mercury bottle (page 293) answers well for the purpose, bnl 
must be heated to redness before liaijd, to expel a little mercui} 
that remains m it The mouth of the bottle is enlarged a little by 
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menus of a round lilc, and a straight iron tube of 4 or 5 niches m 
length fitted into the ojiei^ig, by gnudnig The bottle and tube 
thus form a retoit, which is supported horizontally in a bnck 
tuniaee, as icprcscnted T(lig 152) in fthicli a is the iron bottle resting 

Fig 1.2 



upon two bars of iron o o, to which it may .iKo be thinly bound by 
noil inie These bats cross the furnari' at a height ol 5 or G inches 
.iliove the grate-bars A mixture of eijutd p.irts of coal and coke 
makes an excellent fuel for this furnace The tube 1/ of the bottle 
projects through an aperture in the sidc-w'aU of the furnace^ aiul 
enters a receiver of a jicculi.ir construction icfjuiied to eondeii''C the 
potassium, which tlistils over 'i’his leceivcr is composed ol two 
sejiar ate cojipcr cylinders or ov.d boxes, haul sohleicd, similar in 
toiiu and si/e, which aic ^represented m section (fig IS.'l), the 
Fig 1’'3 introduced within the other, 

^ y // /f, and thus foiiiung togetlu-r a vessel of 

which If ft d is the covit It will also he ob- 
served that b d is divided into two cells by a 
diaphragm, i, of thcs.ime length as the cjbiider, 
and descending with it to witliui two iiicbcs of 
the bottoiB, //, of // A j . A ribbon of copper, y, 

IS soldered around b ft d, so as to form a ledge, 
which IS seen in both figures!, and serves as a support foi a cage of 
iroii-wtrc, c d, placed over the receiver dunug the distillation, to hold 
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ICC, aud also to shed the water from the liquefaction, of that icc, 
which falls into a tray, yv, below, and (lows off by the tube, I Tlic 
cover has also tw^o short copper tubes, d and h, of which llie co]i^)(;i 
of b is notched so as to clasp firmly by its cliisticity llic tube h liom 
the lion bottle, winch is fitted into it 'J'lu' otlier tube, d, ivlnch i-, 
exactly oiipositeto i, is fitted with a coih, and the diaphragm, t, li,h 
a small hole lu it to allow of a lod being passed through h and d 
in the same ])ait of the apparatus is a thud ojiciiing, to whieli ,i 
glass, tube, 1 , Is filled by a roik, loi the escape of uucondeusibtc 
gases The iceeivcr is hllcd to about onc-thnd uitli lerlifad 
peti oleum, a liquid containing no ovvgen, so as to conu' iieaily lo, 
blit not to covci, the bottom of the pailitum, ? Tlic h'liglh of llu' 
bottle IS 11 iiiclies, its widfli 4, and the other parts of the appai.diis 
aie designed upon the -'.imc scale 

Potassium and eaibonie oxide gas an flic ])rincipal jiroiliids 
of the dpcompositioii of the caibonaie ot iiot.ish, bul otliei sub 
stances besides these are found in the icceivei , namely, a hlaik 
mass \eiy ridi m potasMum, some oxalate and cioconate of polish 
and free potash, with a poitum ot chaieoal pow dei ' earned ovii 
meeliaiiically Pait of these piodiu Is ap))eais to be fonned, aftei tin 
lediielioii of the jiotdssinin, by the mutual 1 1 action oi that mclal, 
carbonic oxide and pelioleum 'I'lu pioccss is foiiud to succeid 
best when the non lube, h, is so slioit that it ean be maintained nl i 
led beat thiough its whole luiglli duiiiig (be opeiation, while flu 
receiver is kept at a \iiy low 1< nipt latuie , llu' potassium tlieii falls 
fiom the tube, dio]) bv diop, into the iecci\’(;i, f*iul does not K'ln.un 
long ill contact with caihoinc oxide, which is knowm to coinbinc 
itadily with th.il metal One oi two other ])omfs should alu'ays lie 
attended to The connexion between the tube h .iiid the leceivei 
IS not made till the iron bottle has been heated to redness, to allow 
of the escape of a little water, and ot u liacc ol meicury, wdiith h.ul 
remained in the bottle in the state of v.ipour, and which come oil 
first Tlie joiiung of Llie tube h is not aii-tight at first, and allows a 
little potassium vapour to escape, but Ibis burns and forms potash, 
which immediately closes the opemiigs This lube being always iii- 
caiidcsccni .ind the rcfngeration properly made, the reduction some- 
times proceeds without luteiiuption ^ Put the tube is sometmies 
obstructed, as ajjpcciis by the giiscs ceasing to escape by a- Haste 
must then be made to open the tube h, and to cleai it by means ot a 
flattened iron rod, /, slightly liooked at its antenor extremity • Ctue 
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has been taken to mark on this rod, with tho scratch of a file, how 
far it has to penetrate into tlic apparatus to loach the mouth ot the 
bottle, and it must not be uitiuduced farther Tlie ciiuciit of an 
through the furnace is regulated by a registei v.dve in the rlninney, 
and the tiic stiricd fiequently so as to juevent the loiination ol 
cavities , the ojieratoi being guided in tho maiiagemoiit of tho ilio 
b\ the rapidity ol the cuneni ot gas which escaiic's b} the tube f 
To tcriniiiatc tJie o[)eiation, tbc' grate b.iis m.i} be* thuniii dmin, by 
nhich the fuel \ull (all into the a''b-[nt 'I’lie cpiantitv of ciudc 
larttil inc ntionc'd fields alicml !■ oniitts of |)ola^''Miin, nbicb N about 
1 pel cent ot its weifjlit 'I’lu polasMum llius obiaiind, contamiiig 
a little cm 1)011 ( lieniicalli c oiubiiic'd nitli it, is siibiuilled, together 
uitJi the blaek mass tound in Ibe icecnei, lo ,i second clistill.it ion 
i'en this ])uipose .i sm.ilhi non bottle witb a bent tube may be eiii- 
plcijecl, the end ol nlucli is coxciccl b\ icciilh'cl potiolemn m a 
capanous Jlask, leecl .is .i roceixii * 

(u‘s — l’olas-.iuiii IS solid .it lilt nsu.il ti mpi latuie, but so 
soK ,is to )i^ld like w i\ to tlie prt'ssuie ol the imgi'is A trc’sb 
sin lace has a white coloui, \.ilh .1 sli.iclc‘ ol blue, like' slci'l, but is 
almost instaiillv cenued li> a dull him of osiile wIic'ii esjioscd to an 
Tlie metal IS buttle ,il 3‘i'\ .iiicl liis been ob'Ciud cJ\slilli/cd in 
cubes it si'ini-lliiid at 70'', aiicl bcToaic's comphl(.b lic[iiid at 
150° It iiui) bc' clislillecl at a low iccl lie, it, and foims .i v.ipoiir of 
a green coloin Potassium is c unsiikiably lighter than w.itei, its 
density being 0 8(i.j .it (50° 

rot.issinin oMcl.ilc's giaelu.illy willioiit (oiiibnstioii whem e\])osed 
loan, but lieatc'il till it bigins to vn[>oii/,c , il bikes file iinel biiiiis 
with a violet llaini The .wulily of this iiiil.il ioi o\}gen is sLiik- 
mgly exhibited will 11 a Iragiueiit of d is tbiowii upon watei It 
instantly decomposes llio w.rtoi, and so inueh heat is evolved as to 
kindle the potassium, which moves ahoiil u])oii the suil.icc ot the 
Matei, bill mug with a stioiig ll.iinc', ol which the vivacity is mereased 
by the combustion of the liydrogcni g.is ebsengaged .it the same time 
A globule of fused potash iimams, wdiicli continues to swim about 
Ofon the sinfacc of th? w.iter tor a fetv seconds, but fiindly produces 
<m explosive burst of steam, when its tempeiaturc falls to a certain 
point, illustrating the plienomcnwn of a dr'*p of water on a hot me- 
tallic plate (page 49 ) 


* MiUbliirlah, ELmcos dc Cliiinii., iii S 
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Potassiiun appears to have the greatest ‘.liTinity of all bodies foi 
oxygen at temperatures which are not exceedingly elevated It clo- 
coinposcs nitrous and nitric oxides, and also^caibouic oxide gas at a 
red heat, although potash is reduced to the metallic state by charcoal 
at a white heat It has already been stated that the oxides and 
fliiondes of boron and silicon arc decom])oscd by potassium, and 
besides these elements, several of the metallic laxses of the caitlis are 
obtained by menus of this metal It is, indi'od, .1 reducing .igeiit 
of the grciittst value. 


COMPOUNDS OF POl'ASSll'M 

PftUi\h, fo pota'^'^n , K() , 5 M 0 nt 47 20 — Potassium exposi d 
111 thin sliei''? to (by air becomes a white matter, aliich is liir 
protoxide of potassuiin or iiotasli This compound is fiisibli' .it 
a red heat, and rises in vapoiii at a strong white heat It mules 
with water, with ignition, and forms a fusible liyduitc,, which is llu 
ordinary condition of caustic potash 

Tlie hjdicitc of potash is obtained in ijuantity from the carboimle 
of potasli Equal weiglits ot that salt and of quicklime arc laki'ii, 
the latter ot w'lneh is slaked with w.itm, .iiid t.ills into a powder (oii- 
sisting ot hydrate of lime, the foimer is dissolved m from 6 to 10 
times its weight of water, and both boiled together for h,ilf au hoiii 111 .1 
clean iron pan Tlic hinc ahstiacts caibouK, .icid from tlie potash, and 
becomes caiboiiatc of lime, aieaclion wdilch may he illustrated hy 
adding Innc-wator to a solution of carbonate of potash, when a pre- 
cipitate of caibonatc ol lime falls Wlien the potash has been 
depiived entirely of caiboiiic and, a little of tlie clear Inpiid t-ikcii 
from the pan will be fouud not to cllcrvcscc upon the addition ol 
an acid to it It is rem<Qkablc tlnat the decomposition is iicicr 
complete if the carbonate of potash he dissolved 111 less than the pre- 
senhed quantity of water Liebig has obseived that a concentrated 
solution of potash decomposes carbonate of lime, and tonsequeiitly 
hydrate of lime could not, 111 the same circumstances, decompose carbo- 
nate of potash The pan, being covered_by a lid, may be allowed to 
cool , wdieii the insoluble carbouate»of hme and the excess of hydiatc 
of lime subside, a coiisidcralile quantity ot the clear solution of 
potash may be drawn off by a syphon, and the remainder may he 
obtained clear by hltration In the hitter operation a large glas'- 
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ftnincl may be employed, to support n filter of washed coUou calico, 
into which what rcinauis m the pan is tiiin&feired A suuill portion 
of liquid, which passes through turbid at first, should bo ictmned to 
llie filter As the sofiition of potash absorbs carbonic acid, it is 
proper to conduct its filtiation with as little exposure to air as pos- 
sible, on which account the mouth of the funnel shonhl lie 
covered by a plate, and the liquid which Hows from it be iimnecliately 
received in a bottle, in the inontli of which the hmncl may be sup- 
ported The bottle in which potash is pieservcd sliould not be of 
crysted, or of a material coiitainiiig lead,, as the alktdi corrodes such 
glass, particularly when its natural suilace has been cut 

To obtain the solid hydrate of potash, the jneccding solution is 
rapidly evaporated in a clean iron pan or silver b.isin, till ,m oily 
li([uid remains at a high temperature, whicli coni, mis no more than a 
single equivalent of water. This li(|uid is pouied into ejliiidncal 
iron moulds to obtain it in the form of sticks, which ,i re used by 
surgeons as a cautery, and are the pota^sa or polns'^a fi(\a of the 
Pharmacopaia , a form m which it is ,dso couvcnicnt to have potash 
for some chciliical ])ur])oses The sticks gcncr.illy cout.iiu .i portion 
of carbon.alo of pot<isli, besides a little oxide of non and jiei oxide ol 
potassium, the last of which gives occasion to tlie evolution of a 
little oxygen g.is when the’ sticks arc dissolved iii watoi ^Po obtain 
hydrate of potash fice fiom c.irbouate, the sticks aic dis'-oUed in 
aliohol, in which the foreign impurities aic insoluble, and the aleo- 
liolic solution IS evaporated to dryness 

The pure and fused fiydratc of potash is a solirl white mass of a 
structure somewhat ciystalline, of sp gr I 700, fusiblc at a lie.it 
under redness It is a protoliydiate, and rnniiot bi' depiived ol ils 
combined water by the most iiiti'iisc he, it It dcstioys ,iinitial tex- 
tures It rapidly dclapiesces m damp an, from tlie absoiption ol 
moisture is soluble iii half its weight of water, and also iii alcoliol. 
Mixed m powder with a small qmuitily of water, it forms a second 
crystalline combination, which is a tcrhyclratc , and its solution in 
water affords, at a very low temperature, crystals iii the forms of 
four-sided tables and octolicdrons, winch arc a pentahydrate, 
KO.HO-I-4HO 

The solution of potash, or potash ley,^has a slight but peculiar 
odour, characteristic of caustic alkalies, wliicli they ac(]uiie fioin then 
action upon organic matter, denved from the atmosjdicre oi oilier 
sources^ The skin and otlior ammal substances .ire dissolved by 
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this liquid It IS highly caustic, and its taste intensely aend li 
has those properties which arc tenned .ilkaliuc, in an einincnt dogun- 
It neutralizes the most powerful atids, restores the blue coloiu ol 
reddened litmus, changi’s the blue infusion* of cabbage into giecji, 
but in a short time dl together destroys thebe vegetable coIoion 1 i 
acts upon ll\ed oiK, lUiel roiiverts Ihcin into soaps, wlneh aie boliiI)l(' 
m water It .ibsoibs caibonie aad with gie, it avidity liom the ,111, 
on W'hich account it bhould be picscivcd in well-stopped bottk"' 

The prcheiice of free potabli 01 soda, in soliilioiis of then r.iilM) 
nates, may be diseox eied by .inflate of siKi t, the ovule of which is jiu . 
cipitatcd of a blown colour hy the caiislic alkali, while the while f,ii 
boiidte of silvei oiilv is piec ipd.ited In the pme c.iiboiiated dlk.ili 
Potdsh, whether Itee 01 iii conibiiidtiou with an ai id as a sohihli' v.iH. 
ma> he discovcied and distiiignivliod fioni seila and other suhsi, 11 ins, 
by means of cei-tani acids, (S:c , winch foi ru sp'niuglv soluble eoai- 
jiouiids w'lth that alkali A '-tumg soUilion of laitanc acid piodiu’i>. 
apiecipitale ol bitailiate of pola-'li, 111 a lu|nul toiilaiiinig 1 pu 
cent 0/ any potash salt 'Die piecqnlate is ciistalliiie, ,iiul does iiol 
appear numcdialely, hut is ihiown down on stniiilg the lif|Ui(l 
shoiigly, and soonest upon the lines wliidi have hi en dcsciihed 011 
the glass by the sJinci A sntnhn pi ec ijiii at ion is occasioned 111 siljs 
of potash hy pcrchloiu acid Also by bKlilniule of plalimim, whuli 
forms the double chlondc of platiiinm and potassnnn, m giauiil.ii 
octohedroiis of a jiale n'lluw^ roloni In llie sepaiation of jiol.eli 
for its (piantitalne eslutiation, llii last loagent is pulciied, and 1- 
added ni excess to the jiolash soiiilioii, fogidio with a few drops ol 
liydioclilonc acid, wliidi is then iiapoiatid h\ abUam heat to di\- 
ucss The diy icbuhu is wadud with alcohol, w huh di''Solves u]' 
eveij thing except the doiihle chlondc of jiLdiuuin and pota^ssiiuii 
Ainiiioina, also, isthiowu down b} bichloiido of jilatmuin , but wlun 
tlie chlondc of platnicini and ammoniiiin is heated to ncluess, iiothii'u: 
Is left e\cc|)t spongy jilatimnn, while tlw cliloiide of platimmi .nul 
potassium leaves all its jiolassunnm the s(,i(i- of chlondc mixed willi 
the platinum Potash is likewise sepaiated trom acids liy means ol 
lluosilicic acid, winch tlnows down a liglit gclatiiioub piccqnlatr, 
the double tluondc of siheoii and potassinni Carba/otic acid ako 
produces a jdlow ciyslallme piecipitalc m solution ot potash 

Salts of potash, more paituulailj’^ the chloride, nitrate, and cai- 
boiiate, communicate to flame a pale violet tint 

Potash IS the base which m geiieiel exhibits flie Ingliest afliintv 
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{or acids j it precipitates lime and the insoluble metallic oxides from 
their solutions in acids Tins alkali is employed indideicntly with 
soda, for a vanety of uscfiJ jiurposcs The princijial combi ii.it ions 
of potash witli acids will be described after the* binary compoiiiuK ot 
potassium 

Pooxide of iwiassium, K()^ — Heated stroiu^ly in air oi ow- 
gciij potassium combines with thicc eipiii.iletit'- ot oxigeii The 
ultimate residue on e.ikinmg inflate ot pot,i''h at a red lie.it 1ms bci n 
said to be the ''nine coinjioiiiKh hnt .Mit’^rhi'ilicli linds th.it ic‘>idne (o 
be potash The pei oxide ot pol.issnn^i is deLompo'>e(l by \v.itci, 
being converted into livili.iU- ot pota'^h, with eiobition of oxygen 
gas. 

When potassiniojis huiiudwith an iinjieifeit ^niijilv of an, a gri‘\ 
ui.Tittcr is foiined, winch ller/eliiis believed to lie .a snhoxideot pof.is- 
sniTT) It IS not inoie st.ihle than the pi'ioxulc 

StffjiJitdt's oj pofa'^'^Hiiii — Siilphni ami polii-'-iinn, when lie.iled 
together, unite with incainlesienre, and in seieial pi opoi turns, two 
of which corii'spond resjicctuiU «ilh the pioloxido and peioxidc ol 
]iot.issium ’The ptotostdphtde iniy be ohtaimil by ti.insimttiiig 
Indrogeu gas o\ei sulph.iit ot potash, he,T.led in a bull) ot bald gl.is., 
to full redness, wlicii the whole oxiuen ot llu ■'alt i» (.niiul oil’ as 
w.iler, and the snlpbiii iiinanis in toinhin.ilion with poiassimn, 
forming a fusible compound ot .i huht blown loloui Suljitule ol 
potash calcined with one-loiiitli ol irswught ot pounded cti.iieo.il 
01 pit-coalj in .1 coven d C'oinish eim ihle, .it a blight led IilmI, is ton- 
veiled into a black tiysL.illine mass, wimli is aho piotosiilphide ol 
potassium, with gonemlh a sni.ill ipi nitih ot .i Inghei suljilnde, 
ansing from the coiiibin.ition oi (In siiira ot tlie niitible with potash 
of the sulpluite If l.inip-hlatk he us(d ms|( ad ol (li.ircoal, the 
siiiphide ot pot.issiiim loinied li.iviiig agieat allmily foi oxygrn, and 
being in a highly divided stale, takes liie wluii exposed to the au, 
and forms <i pyroplioins Tin solution ot flu piotosnlplndc in w.iler 
IS Inglily causlic, it is deeonipo'td by .uids willi eileivest i nee, fiom 
the escape of hydiusul])lmui .leid, hntwillnmt any deposit of sitlplmi 
Being a sulphur b.ist, iL combines without decomposition w iLli sulphiu 
acids 

This suljihide unites diiccfly with liydiosulplniiic acid, toiinnig 
KSHS, and the compound may be, othiiwisc foinitd, namely, by 
tiansmitting a stream oi by drosulphuric acid tluougli caustic pol.isli, 
so long as the gas is absitrbed It is often luuned tin hihydiu- 
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sulphate of potash. It is analogous in composition to hydrate of 
potash (Kb.HO) m the oxygen senes. 

The trmilphide is formed when anhydrous earbonatc of potasli, 
mixed with half its weight ot sulphur, is maintained at a low red heat 
so long as carbonic acid gas comes off Of four proportions of 
potash, three become sulphide of potassium, while sulphuric acid is 
formed, which ncutr.ilwes the fourth proportion of pot.ish 4KO and 
10S=3KS, and KO SO^ With carbonate oi potash and sulphur, 
in equal weights, a similar action occurs, at a temperature above tlic 
fusing point ot sulphur, bi^t five, instead of tliiec, proportions of 
sulphur then uuitc with one of potassium, and a 2 )cntasu 1 phi(h‘ is 
formed. With a larger proportion of carbonate of potash the same 
sulphide IS also produced, provided the tculpterature docs not 
much exceed the boiling pomt of sulphur, and the excess of car- 
bonate fuses along with it, without undergoing decomposition A 
sulphide obtained by fusing sulphur and carbonate of potash togclluT 
has a liver-browu coloui, and hence its old pharmaceutic name hipa} 
mtlphw it The three sulphides described are deliquescent, and arc 
all soluble lu water, the higher sulphide's giving red solutions. They 
may, indeed, be prcptU’cd by heating suljdiur, in propt'i pioportiou'!, 
with caustic potash. A simultaneous founatiou of hyposulj)hurous 
acid then occuis, as already ex])laincd (page '115) Tlio piepaiation, 
j)t etipitaU d sul 2 )hii}, is obtained by adding an excess of (lyJro- 
chloric acid to these solutions when much sulpliui is thrown down, 
although the potassium be only m the sLilo of protosulphidc, for tlu 
hydrosulphuric acid, arising fioin the .icIioh of the acid on that sul 
phidc, meets sulphurous evolved at the same time from the decom])OM- 
tion of hyposuiphurous acid, with thetoimatiou of watei arulsulphui 
The excess of sulphur in the alkaline sulphide also precipitates at 
the same time. The peculiar whiteness ol precipitated sulphur is 
owing, according to Kosc, to its containing a little bisuljihidc ot 
hydrogen 

Chloride of potassium , eq 74 5 o/ 931.25, KCl — I’ormcd hv 
the combustion of potassium m chlorine, or by neutralising hydro- 
chloric acid by potash or its carbonate It is also derived in con- 
siderable quantity from kelp (page 492) It crystallizes in cubes 
and rectangular prisms,, resembles common salt m taste, is considera- 
bly more soluble in hot thaw in cold water According to the 
observations of Gay-Lussac, 100 parts of water dissolve of this sail 
29.21 parts at 0°C. ; 34 53 parts at 10°35 , 43 59 parts at 92°3y , 
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50.93 parts at 79°58, and 59 26 parts at 109 6 C. When pul- 
vcnsed and dissolved in four times its weight of cold water, it pro- 
duces a depression of temperature of 20 J degrees ; while chloride 
of sodium, dissolved m flie same manner, lowers the temperature only 
3 4 degrees. Upon the difference between two salts m this property, 
M. Gay-Lussac founded a method of estimating their projiortions in 
a mixture. Chloride of potassium is pnncipally consumed m the 
manufacture of alum. Hose observed that chloride of potassium 
unites with anhydrous sulphuric acid, KCl -1-2 SO3 The same salt 
unites with terchlondc of iodine, KCl ICl^ 

Iodide of polafsium , eq 165 36 or 2067 ; KT.— This salt is 
obtained by dissolving lodmc m solution of potash tiU neutral, eva- 
porating to dryness, imd heating to redness, to decompose the portion 
of lodate of potash formed M Ureundt recommends to add a 
little charcoal to the mixed iodide and lodatc Iodide of potassium 
is more soluble in water than the chloride, and may be obtained m 
cubes or rectangnlar prisms, which arc generally white and opaque, 
and have an alkaline reaction from the presence of a trace of carbo- 
nate of potash* lodido of potassium is also dissolved by alcohol, but 
111 a much less pioportion than by watci. The diy salt does not 
combine with more iodine, but m conjunction with a small quantity 
of water, (I believe 4 equiindents) it absorbs the vapour of lodmc 
with great avidity, and runs into a liipnd of a deep red, almost black, 
colour According to Baup, a saluialed solution ot iodide of potassium 
may dissolve so much as two equivalents of iodine, but allows one cqui- 
Vtdeiit to precipitate when tlilutcd Iodide of potassium, winch is often 
called the hydnodah of is much used in medicine, it is not 

poisonous even in doses of sever.il drachms Its solution is also em- 
ployed as a vehicle for loihiuj itself, 20 grams of iodine and 30 grams 
of iodide of potassium being usually dissolved together m 1 ounce of 
water The bromide of potassium 13 capable also of dissolving bro- 
mine, but the solution of chlornie of potassium has no alfiiiity for 
chlorine 

Venocyayide of /lotuisium Yellow pinsaiute oj potafth. 
Kj.FeCyg-f 3110 , ey. 184-P27 0/ 2300 -+337 5. — ^This important 
salt is formed when carbonate of potasli is fused at a red heat m an 
iron pot, with ammal matter, sijch as dned^blood, hoofs, clippings 
of hides, &Cj and is the product o? a reaction to be hereafter 
desenbed This salt occurs 111 a state of great punty m com- 
merce. *11 18 of a lemon yellow'colour, and crystalh/ed 111 largo qua- 

2 
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drangular tables, with trancated angles and edges, belonging to the 
square pnsmatic system. The crystals contain 3 equivalents of water, 
which they lose at 212°, are soluble in 4 parts of cold and 2 parts of 
boiling water, and are insoluble m alcohol. ' Tlie taste of this siJi, 
saline, and it is not poisonous. By a red heat it is converted, witli 
escape of nitrogen gas, into carburet of iron and cyanide of potassium, 
but with exposure to air the latter salt absorbs oxygen, and bc( oinos 
cyanate of potash. This salt is represented by Liebig as eont.uiiiiig 
salt-radical, ¥otrocyanoqpn, composed of 1 eq. of iron and 3 0(| of 
cyanogen, or FeCy^ Thia salt-radical is bib.isic, and is in cenihiiia- 
tion with 2 eq potassium m the salt, as will be seen by rcforoiicc to 
its formula The siunc salt has been representt'd by myself as a com- 
pound of a tnbasic salt-radical pruusine (3Cy)J*^vlth lint 

its reactions with other salts are most easily stated on the former view 
of its constitution. The iron in this salt is not precipitated by alhii- 
hes When forrocyanide of potassium is added to salts of hvul .mil 
various other metallic solutions, it produces precipitates, inwhirhiwo 
equivalents of the lead or other metal are substituted, m coinhin.ilum 
with ferrocyanogen, for tlie two equivalents of jiotassium In s.ilN ot 
acs<imo\ido of iron, ferrocyanide of potassium produces the wcll-kiimi a 
2ireeipitate, iinissi.-in blue. 

Ferncyanule of pofassium, Itcdjn msinte of potanh, .3K FojCij, , 
eq 329 ut 4112 .5 — Tins salt, winch, like the last, is a valunhlt ic- 
agent, is formed by transmitting clilomie gas through a solution ol llii' 
ferrocyanide of jiotassmm, till it ceases to give a luecipitate of l’iu>- 
sian blue with a pc'rsalt of iron, and no longer Oiie-fonrth of (lie 
potassium ot the ferroeyatnde is converted into chloride, from wlii< li 
the resulting fcmoyanide may he separated by crystallization K 
forms right rhombic pnsms, which are transparent and of a tine inl 
colour. Tlie crystals are anhydrous, soluble in 3 8 parts of cold, and 
in less hot water. They burn w'ltli hnlhant scintillations when lield 
in the flame of a candle The solution of tins salt is a delieate tist 
of iron 111 the state of protoxide, throwing down from its salts .i >-i- 
nety of Prussian blue, in which the 3K of the foimulg. are replaci'il 
by 3Fe laebig views the red prussinte of potash as contannns: 
a salt-radical, Ferricyanogev , or femdeyanogen, PcjOyg, difl’ennij 
from ferrocyanogen m ^laving twiqp its atomic weight and in being 
tnbasic. • 

Cyanide of potasmim ; eq 65 or 1112 5 , KCy. — The preparntien 
of this salt 18 attended with difficulty, owing to the action of the c.n’' 
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borne BCid of the air upon its solution, which evolves hydrocyamc 
acid, and the tendency of the solution itself to undergo spontaneous 
decomposition, even in close vessels It may be formed by adding 
absolute hydrocyanic acid, or a strong solution of that acid, to a solu- 
tion of potash m alcohol, a portion of the cyanide falls down as 
a white ciystallinc precipitate, which should be washed with alcohol 
and dned, and an additional quantity is obtained by evaporating the 
liquid m a retort. But it is prepared with more advantage from the 
fcrrocyanide of potassium, already described. That salt is carefully 
dned and reduced to a fine powder, 8 pajrts of which are mixed with 
3 parts of carbonate of potash and 1 part of charcoal, and exposed to 
a strong red heat in a closed iron crucible, or other convenient vessel. 
The mass is reduced to powder, placed m a funnel, moistened with a 
little alcohol, and then washed with cold water The strong solution 
of cyanide of potassium which comes through is colourless, and must 
be rapidly evaporated to dryness in a porcelain bahin, and fused at a 
red heat The crude salt, obtained by ignition w it bout charcoal, con- 
tains a little cyanate of potash, hut this docs not interfere with its use 
for forming and dissolving cyamdea of gold and silver, for the pro- 
cesses of voltaic gilding and plating 

Cyanide of potassium crystallizes in eolourloss cubes, which become 
opaque and deliquesce in damp air, and arc very soluble in water It 
bears a red heat without dccomjiositioii in close vessels, hut ivitli 
exposure to air absorbs oxygen, and becomes cyauatc of potash 
(KO CyO) Its solution smells of hydrocyanic acid, being decom- 
posed by carbonic acid 'fhe action of cyanide of potassium upon the 
animal economy is equally powerful with that of hydroeyanic acid, 
and as the dry salt may bo preserved m a well-stopped bottle without 
cliAiige, it IS preferable to the acid, which is far horn stable Red 
oxide of mercury dissolves freely in the solution of cyanide of potas- 
sium, ryamde of mercury being formed .iml potash set free I'he 
punty of the alkaline cyanide may be ascertained from this property , 
12 grains of the pure cyanide dissolving 20 grains of hnely-pulvensed 
oxide of mercury 

Hydrocyanic acid for medical purposes is conveniently prepared 
from this cyanide 24 grams of cyamde of potassium, 56 grains 
of tartanc acid m crystals, and 1 ounce of water, arc agitated togcthci 
in a stout phial closed by a cork Thv liquid is afterwards separated 
liy filtration from the precipitate of bitartrate of potash, it contains 
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10 grains of hydrocyanic acid, or rather more than 2 per cent. 
(Dr. Clark). 

Sulphocyanide of potassium, K CyS^; 1222 2 or 97 92 — Sul, 
phocyanogen is a salt-radical consisting of 2 eq sulphur and 1 eq 
cyanogen, winch is formed on fusing the fcrrocyamdes with sulphui 
To obtain it in combination with potassium, the ferrocyanidr of 
potassium, made anhydrous by hc.it and reduced to a fine powder, i>, 
mixed witli an equal weight of flowers of sulphur m a coiumoii cast 
iron pot (pitch pot), and kept in a state of fusion for half an lioiir .it 
a temperature above the melting point of sulphur, but below tlut a| 
which bubbles of gas escape through the melted mass. No cyiitinifin 
is evolved or decomposed, and the residuary matter is u miKture of 
sulphocyanide of potassium and protosulpliocpnidc of iron, with 
the excess of sulphur. Both sulphocyamdes dissolve in water, and 
give a solution which is colourless .it first, but soon becomes red from 
oxidation of the sulphocyanide of iron. To get nd of the iron, o.ir- 
bonate of potash is added to the boiling solution, so long as a prcei 
pitate of carbonate of iron falls, and the licpiid is afterwards hlterfd 
This solution gives crystals of sulphocyanide of potassium, when t\a- 
porated, which may be freed fiom any adhenng c.irbonate ot potadi 
by dissolving them in .dcoliol 'Pile salt ciyst.dlizes m long whitr 
stnated prisms, which arc anhydrous, and icsemblc nitrate of potj'li 
111 their appearance and t,iste. They deliquesce in a damp aiiiios- 
phere, and are very soluble in hot chaicoal, fiom which tlic sidt ci\'- 
tallizes on coohng 'i’he snlphoevamdc of potassium communir.dLs .i 
blood red colour to solutions of salts of s<’>(iuioxule of iron, and is 
conseiiuently employed as ii test of llwt metal in its higher st.de of 
oxidation The red solution is in.ide perfectly colourless by a iiioilr- 
rate dilution with water, wlicn the iron is not present ni excess 'flu 
sulphocyai^de of potassium has been detected in the saliva of iiiaa 
and the sheep. 


SALTS or OXIDE OF POTASSIUM , 

Carbonate of potash , KO COj, eq 69 oi 862 5 — Tlus useful 
salt IS pnncipally obtained from the ashes of plants Potash h 
always contained in a state of* combination in clay and other imneiah 
which form the earthy part of soil, a»d appears to be a constitucnl 
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of soil essential to vegetation. The alkali is appropnated by plants, 
and IS found in their sap combined with vegetable acids, particularly 
with oxalic and tartanc Mids , also with adicic and sulphunc acids, 
and as chloride of potassium When the plants are dried and 
burned, the salts of the vegetable acids are destroyed, and leave 
Ciiibonate of potasii shrubs yielding three, and herbs five times as 
jiiuch saline m«itters as trees, and the branches of trees being more 
|)roductivc than their trunks — a distribution which may depend upon 
(lie potash existing chieily m the sap The whole ashes from wood 
seldom exceed 1 pur cent of its weight, of uhich 1-Otli may be 
s.ihuc matter. The solution, evaiioratcd to diyiicss, yields puiushc'> , 
ami these, partially purified and ignited, foiui pvai hish The caibo- 
iiatc 13 mixed in the latter with about 20 per cent of foicign salts, 
lirincipally sulphate of potash and chloiidc of potassium Tlic 
(aibonate ot potash is obtained, m a state oi gieatei purity, by 
dissolving pcarlash m an c(iual weight of w.itui, tlun sep.irating the 
'olulicm from uiidissolved salts, and cvapoiating it to dryness 

Carbonate of potash i'^ pioparixl of gn^ntu puiily foi chemical 
,)ui poses, by igniting bilaitiatc ol potash, or bettei, by buining 
togethei 2 parts of that salt and 1 of iiiiie In flic latter process, 
(lie carbon and hydiogeii of tlic f.irlauc and ate destroyed by the 
o\ygen of tlic nrliio acul, and carbuiiati ot pot.ish remains mixed 
with charcoal, from wlneh it may be scjituated by solution and 
liltiation 

Ciubonate of potasli lias an aciul, alkaline taste, but is not caustic 
It gives a green coloui lo»the blue minion ot cabbage Tins salt is 
highly deluiuesoeiit, and solulile iii le^s than an equal weight of 
luLer at 60° It ma} he cryslallwed with t«o cqiiivaluits of water 
Added to solutions of s,dts of lime, lead, Ae , it throws down insoluble 
ciirbonates. It is moie frequently used than the caustr^ alkah, to 
IK utrahze acids and to form the salts ot potash 

Bleat honatc oj imtash , IIO CO 2 + -IVO COj , ey 100 o; 1250. 
— ^Iformcd by traiisinittiiig a stieom of carbonte iicid gas through a 
saturated co'd solution of the neutral carbonate It is soluble m four 
times its weight of water at 60°, and in less water at 212° The 
solution has an alkaline taste and reaction, but is not aend, it 
does not throw down magnesia i'^ni its soluble salts , it loses car- 
bonic acid when evaporated at all temiteratures, and becomes neutral 
carbonate The salt contayfs one proportion of water, which is 
essentiafto it, and crystallrzes well m prisms of eight sides, having 
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dihedral summits. The existence of a sesquicarbonate of potash is 
doubtfiil. 

Sulphate of potash; KO.SO 3 ; eq. 87, or 1087 ’6. — ^Tliis salt 
precipitates when oil of vitnol is added, drop by drop, to a conceu- 
trated solution of potash. It is generally prepared by neutraluing 
the residue, composed of bisulphate of potash, of the nitric acid 
process (page 347), and ciystallizes in double pyramids of six faces, 
or m oblique four-sided prisms. Tlie crystals are anhydrous, 
unalterable in air, and they decrepitate strongly when heated , their 
density is 2 400. The su^hatc is one of the least soluble of the 
neutral salts of potash 100 parts of water dissolve 8 36 parts of this 
salt at 32°, and 0 096G6 parts more for each degree above that point 

Ht/drated hisulphate of potash, or sulphate of water and 
potash, IIO SO3 + KO.SO3, eq, 136 or 1700. the fusible salt 
remaimng, when nitrate of potash is decomposed m a retort by two 
equivalents of od of vitnol Below 386 6 ° (197° C ), it is a white 
crystalline mass This salt is very soluble in water, but is partially 
decomposed by that Iniuid, and deposits sulphate of potash It 
crystalhzes from a strong solution m rhombohedral crystals, of whicli 
the form is identical with one of the forms of sulphur. But tins 
salt IS dimorphous, and crystallizes from a state of fusion by heat m 
large crystals, wluch have the form of felspar (Mitscherhcli). Its 
density is 2.163 The excess of acid in tlus salt acts upon metah 
and alkahnc bases very much as if it were free. 

Hydrated sesqimulphate of potash , . HO SO3 -f- 2 (KO SO3) 
— K salt in pnsmatic needles discovered by Mr. PluUips, and winch 
has also accidentally occurred since to Mr. Jacquehn. It is decom- 
posed by water , the circumstances necessary for its formation arc 
unknown. 

Sulphate of potash combines with hydrated nitric and phosphoric 
acids, as weU as with hydrated sulphuric acid. On dissolving the 
neutral salt m mtne acid, a httlc nitre and hydrated bisulphate of 
potash are fonued, with a large quantity of a salt in oblique prisms, 
of which the formula is HO NO 5 -I -2 (KO.SO3). This Irst salt luses 
at 302° (150° C.) , its density is 2 38 (Jacquehn). The compound 
with phosphoric acid is formed by dissolving sulphate of potash 
in a syrupy solution of that acid, and crystalhzes in obhque pnsms 
of SIX sides, which fuse at 46U° (240° C.), and of which the densify 
is 2*206 (Jacquehn). Its formula is S^IO.POj-f- 2KO SO3 It will 
be observed that both these compounds agree with Mr. Phdhps’s 
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scsquisulpbttte iii having 2 eq. sulphate of potash to 1 eq. hydrated 
acid (Annales de Chimie, Ixx ) 

filtrate of jtotash, Nitre, ftaltpelre ; KONOj, eq. 101 or 
1262 5. — Nitnc acid is formed m the decomposition of animal 
matters containing mtiogen^ when they are exposed to air, and <irc in 
contact with alkaline substances. It appears to be largely produced 
in this way m the soil of certain districts of India, from which nitrate 
of potash IS obtained by hxiviation. Nitrous soils always contain 
much carbonate of hme, the debris of tertiary calcareous rocks, m 
winch the oxygen and nitrogen of the aio unite, according to some, 
assisted by the porous structure of the rock, and under the iiiflueiicc 
of an alkahiie base, so .is to generate iiitnc acid without the intei- 
vcntion of animal matter. 13ut this conjecture is not founded upon 
experiment , nor is it a necessary hypothesis, since mtnfiablc rocks 
.ire never entirely destitute of organic matter Nitrate of potash is 
also prepared in some countries of Europe, by imitating the natuial 
piocpss. 111 artificicd nitre bed«, wherein nitrate of lime is formed, and 
afterwards coiivcrteil into nitrate of pokisli by the addition of wood- 
ashes to the lixivium * 

Nitrate of pot<ish generally crystallizes in long striated six-sided 
pi isms, 13 anhydrouo, unalterable m the air, fusible into a limpid 
liquid by a heat under reduc&s, lu which condition it is cast in 
moulds, and forms »al pi uneUe Its density is 1 933 (Dr AVatson) 
According to Gay-Lussac 100 parts ot water dissolve 13 3 parts of 
tins salt at 32°, 29 parts at 61- 1°, 74 6 parts at 90 8°, and 236 
parts at 206 6°. Tlic taste of the solntioii is coohng and peculiar, 
it has considerable antiseptic properties. Nitre is insoluble in 
absolute alcohol. 

From the large quantity of oxygen wdiich nitre contains, and the 
facihty with which it impaits that element to combustibles at a red 
heat, it IS much employed m making gunpowder and other defla- 
grating mixtures. An intimate mixture of mtre in flue powder with 

* The obserratioQB and original experiments upon nitrification, of Professor Kuhlman, 
are valuable, bSt do not lend to auv general theory of the process He did not succeed 
in rausing oxygen and nitrogen ga^es to combme by means of spongy platinum, bat he 
found that under the loflaeuco of that substance (1°) all vaporisable compounda of nitrogen, 
luclndiug ammonia, mixed with air, with oxygen, or with an oxidating gas, change into 
nitric acid or peroxide of nitrogen , and (2*^^ that afl the vaporisable compounds of nitrogen 
including nitnc acid, mixed with hydrogen or a hydrogenous acid, give rise to ammonia 
— (Memoin of the Academy of Scjiiiicea of Liilc, 1888, and Liebig's Anualeu, xiiz 
272, 183ft) 



536 


GUNPOWDER 


oue-thud of its weight of wood charcoal, when touched by a body m 
Ignition^ Wms with great bnlhancy, but without explosion. A 
mixture of 3 parts of nitre, 2 of dry carbonate of potash, and 1 ot 
sulphur, forms puUts fubmuunt., which, heated gently till it enters 
into fusion, inflames suddenly, and explodes with a deafening reporl 
Tlie violence of the explosion is caused by the reaction between the 
sulphur and nitre being instantaneous, from then fusion and perfect 
intermixture, and the consequent sudden formation of much nitrogen 
gas from the decomposition of lutnc acid Gunpowder contains both 
sulphur and charcoal, of n'hich the former serves the purpose of 
accelerating tlic process of deflagration and supplying heat, while the 
latter supplies much of the gas, to the formation of which tlie avail- 
able force of the explosion la due Gunpowder yields about 300 
times its volume of gas, measured when cold , but its explosive force 
is greater than tins mdicatcs, from the high temjierature of the gas, 
and not less than 1000 atmospheres The ordinary proportions of 
gunpowder approach very nearly 1 cq of nitre, 1 of sulphur, and 3 
of carbon, as will be seen by the following comparison — • 

Compontinn of Gunpoudei 



Thcuntical Mixture 

Buglish 

Frussiaii 

Sulphur 

ii a 

12 5 

. . 11 5 

Charcoal 

13 5 

12 5 

13 5 

Nitre 

. . 74 6 

75 

75 


100 0 

lOO 0 

100 0 


13y the combustion of the mixture, carbonic acid and nitrogen 
gases are formed, with a solid residue of protosulphide of potassium 
'L'hus — 

Deflagration of Gunpowder 
Berora Decomposition After Decomposition 

3 Carbon . 3 Carbon 3 Carbonic Aad 

Nitrate off® 

pish Nitrogen Nitrogen 

Sulphur . Sulphur Sulphide of Potassium 

A portion of the potash alw^s converted into snlphatc of 
potash, which must interfere with the ex^ness of this decomposition, 
lllastmg powder is composed of 20 sulphur, 15 charcoal, and 65 
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nitre ; the proportion of sulphur being mcreasedj by wlucli a more 
powerfully explosive mixture is obtained, but which is uot suitable 
for fire-arms, as they arp injured by an excess of sulphiu* Tlie most 
uifiammablc charcoal is employed m making gunpowder , which is 
obtained by calcimng brandies of about -Jths of an inch iii diameter, 
in an iron retort, for a considerable time, at a beat scarcely arnoimt- 
mg to redness, and which has a brown colour without lustre. The 
granulation of gunpowder increases its c\|)losive foice A charge is 
thus made sufficiently porous to allow flame to penofi.ite it, and to 
kindle every gram composing it at thc^samc tunc Jhit still the 
discharge of gunpowdn is not absolutely mst<int.iiicous , <ind it is 
remarkable that other explosive compounds \ihich bum more rapidly 
than gunpowder, such as fulminating mercury, are not adapted for 
the movement of projectiles Tlicir action in exploding is violent 
hut local if substituted for gunpowder m charging ordinary fire- 
arms, they would shatter them to pieces, and uot piojcct the ball. It 
IS a common practice to mix with the chaigc of blasting powder, used 
ill miiung, n considerable bulk of sawdust, wdiich renders tlic com- 
bustion of the powder still slower but productive of a sustained effort, 
most effectual m moving large masses 

Chlorate of potash, KOClOg, eq 122 5 oi 1531 25 — Tins 
salt 13 the result of a reaction between chloniie and potash, which 
has already been explained (page 473). In the preparation of 
chlorate of potash, a strong solution of two or three pounds of car- 
bonate of potash IS madj*, and chlomie jiassed through it The gas 
IS conducted into the liquid by a pretty wide lube, or better by a tube 
terminated by a funnel, to prevent ils bung choked by the solid salt 
which IS formed A stage in the process can be observed before the 
iKjmd has discharged much curbomc acid, when bicarbonate, chlorate, 
and hypochlorite of potash exist together in solution, and a consider- 
able* quantity of chlondc of potassium is deposited Tlio latter salt 
13 removed, and the current of chlonnc continued till the hqmd, 
wluch 18 often red from hypennanganic acid, becomes colourless or 
yellow, and iceases to absorb the gas A considerable quantity of 
clilorate of potash is deposited m tabular shining crystals, which are 
punfied by solution and a second crystallization , and more of the 
ftninp salt IS obtamed from the hquid evaporated and set aside to crys- 
tallize ; the separation of the chlorate from chlonde of potassium de- 
pending upon the solubihty jjil a low temperature of the former salt 
being ^catly less than that of the latter. 
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The chlorate of potash may be prepsffed more economically by ex- 
posing to a current of clilonue gas a mixture of 7 ‘6 parts of carbonate 
of potash^ and 1 G 8 hydrate of lime in a dry or only slightly damp 
state Cliloratc of potash is formed with carbonate of lime and 
chlonde of calcium. The mass is treated with boiling water, which 
dissolves the chloride of calcium and chlorate of potash. The latter 
salt IS purified by crystallization. It is stated that other suits of 
potash, particularly the suljdiate, may he substituted for the carbonate 
111 this process , and that the potash salt and hme are mixed with 
hot water when exposed to file chlonnc g.is 

This salt is anhydrous It appears in fiat crystals of a pearly lustre, 
of which the foims, according to Brooke, belong to the obhquc pris- 
matic system. Its density is 1 989 (Hassenfratz). It has a coohnrr, 
disagreeable taste, like that of nitre According to Gay-Lussac, 
100 parts of water dissolve Sj- parts of cldorate of potash at 32° f5 
at 59°, 12 at 95°, 19 at 120.2° and 60 at 219 2° the point ot 
cbulhtion of a saturated solution. Tins salt fuses readily in a glasb 
retort or tube, enters into ebullition, and discharges oxy/jen below a 
red heat. At a certain period in the decomposition, when the in.iss 
becomes thick, hypei chlorate of potash is formed, but ultunalely 
chloride of potassium is the sole residue. 

Chlorate of potash deflagrates with combustibles more violently 
than the nitrate. A griuu or two of it rubbed in a warm mortar 
with an e({ual quantity of sulphur, occasious smart explosions, with 
the formation of sulphurous acid gas. Inclosed with a httle phos- 
phorus m paper, and struck by a hammer, ' it produces a powerful 
explosion ; but this cx^icrimcnt may be attended with danger to the 
operator from the projection of the flaming phosphorus A mixture 
winch, when dry, inflames by percussion, and which was apphed to 
lucifer matches, is comiioscd of tins salt, sulphur, and charcoal. One 
of the simplest receipts for this percussion powder consists in washing 
out the nitre from 10 parts of ordinary gunpowder with water, and 
mixing the residue intimately, while still huimd, with 5j- parts of 
cldorate of potash m an extremely fine powder. This mixture is 
highly inflammable when dry, and dangerous tq preserve m that state 
Phosphoros and mfere, however, are now more generally used for these 
matches (page 432). More chlorate of potash is employed m the 
processes of cahco-pnntmg, as an oxidizmg agent. 

Perchlorate of potash, KOC10,,Vy 138.5 ot 1731.25.—* 
Processes for preparing this salt liave already been desenbed* under 
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pcrchlonc acid (p. 4<75) It is also formed m a strong solution of 
chlorate of potash contained m the decomposing cell of a voltaic 
battciyj this salt being <leposited m small crystals upon the ziiicoid, 
and no oxygen hbcratcd there. It requires 55 parts of water to dis- 
holve it at 59° but is largely soluble in boiling water. It crystallizes 
111 octohedrons with a square base, which are generally small they 
are anhydrous. It dehagrates less strongly with combustibles than 
the chlorate, loses oxygen at 40U°, and is completely decomposed at 
a red heat, chloride of potassium being left. 

Iodate‘of j^otanh, KO IO 5 , eq 21366 or 2667 — This salt may 
be formed by neutralizing the chloride of iodine with carbonate of 
potash, instead of carbonate of soda (p 499) It gives small 
anhydrous crystals, which fuse by heat and lose all their oxygen 
Iodic acid hkewise forms a bmiodalc and a tcriodate of potash, 
according to Scrullas*. The hiniodate is obtained by adding an 
tidditional proportion of iodic acid to a solution of neutral lodatc 
saturated at a high temperature it contains an eqmv.ilcnt of water, 
but may be made anhydrous by a strong heat, according to my own 
obscrViitions. It occurs m pn&ms with dihedral sunmnts, and requires 
75 parts of water at 59° to dissolve it The tomlate is obtained 
on miinti g a strong acid, such as mine, hydrochloric, or sulpliunc, 
with a hot saturated solution of the neutral lodate, and allowing it to 
cool slowly. It crystallizes lu ihombohedioiis, and requires 25 parts 
of water to dissolve it. 

Serullas has observed .that the bmiodate of potash has a great dis- 
position to form double -Sjalts A compound ivitli chhnde of potas- 
sium, to winch he assigned the formula KCl+KO l 20 ,o, is obtained 
on adding a little liydrochlonc acid to a solution of lodate of potash, 
and allowing the solution to evaporate spontiuicously. This salt 
crystallizes well, but afterwards loses its transparency m the air. It 
is decomposed by water, and cannot be formed by uniting it.s con- 
stituent salts. Another compound contains bisulphate of potash 
KO SaOe+KO.IaOjfl. These compounds of iodic acid have also 
been lately •exammed by M. MiUon. 


* Aunales de Chim et de Fhys xliu. 
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SODIUM. 

»S'y«. Natl Him Eq 23 or 287 5 , Na 

Davy obtiuiiccl tins metal by the voltaic docoinpuMtioii of sodi, 
immediately aftci the discoveiy ot potassium. An intimate mixture 
of chaicord and carbonate hoda is> formed by calcining acetate ol 
soda, from which sodium is commonly piepaicd, .iccoiding to the 
method described for potassium, and with greater facility, owing to 
the low er atrmity of sodium for oxygen 

Sodium 13 a wlntc metal having the aspect of silver Its density 
IS 0 972, at 59*^, according to Gay-Lussac and Then<ird Tins metal 
IS so soft,* at the usual leiiipciatiire, that it m.i,y be cut with a kmfe, 
and yields to the piessuio of tlie fingers, it is nuite liquid at 194° 
It oxidates spontaneously in the au, altliough not so (imckly as 
pobissium , and when healed nearly to redness takes fire and bums 
with a yellow flame Tlirown uiioii w.iter, it oxidates with great 
vivacity, but without inflaming, evolving hydrogen gas, and forming 
au alkaline solution of soda When a few drops only ot w^atcr arc 
applied to sodium, it easily becomes sufficiently hot to take fire. 

As potassium is in some degiee characteristic of the vegetable 
kingdom, so sodium is the alkahnc inclal of the amirial kingdom, its 
salts being found m all animal fluids. Botlupf these elements occur 
ill the raiiieral world , of the two, perhaps potassium is most exten- 
sively dilfused , felspar, the most common of minerals, coutaiiiiug 1 2 
per cent of potash, but fiom the existence eveiywhcrc of a soluble 
compound of sodium, its chlonde, the souices of that element arc the 
more accessible, if not the most abundant 

Tlie anhydrous protoxide of sodium and the peroxide are prepared 
in the same maimer as the corresponding oxides of potassium, which 
they greatly resemble in properties The composition of tjie peroxide 
of sodium, however, is different, being expressed by the formula 
2Na-l-30 (Thcnard). It is supposed by M MiUon to be Na-j-20 

•I « 

COMPOUNDS OF SODIUM. 

Roda , NaO j eq 31 o) 387 5 — A solution of soda is obtained 
by deeompoamg the crystallized carbonate of soda, dissolved m four 
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or five times its weight of water, by means of half its weight of 
hydrate of lime , the same points bung attended to as in the prejiara- 
tion of potash. A preferenee is given to this alkali from its cheap- 
ness, for most mciniifactunng purposes, and m the laboratory it may 
ficqueiitly be substituted for potash, where a caustic alkali is required 
On the large scale it is prepared from sa/ti> of soda, a caibonatc con- 
taining chlondc of sodium and sulphate of soda The solution of 
soda IS purified from these salts by concentrating it considerably, upon 
which the foreign salts cease to be soluble in the liquid, and precipitate 
(Mr W lllythc). / 

The following table, eonstriielcd by T)r Dalton, exhibits the 
([uantity of caustic soda in solutions ot ddferent densities — 


Solution of Cau<ttic Soda 


Density of the Solu- 
tion 

Alkali per cent 

2 00 * 

77 8 

1 85 

01 0 

1 72 

S)8 

103 

40 0 

1 SO 

41 2 

1 60 

3() 8 

147 

.UO 

1 44 

31 0 


Di nhity of tliL Solu- 
tion 

Alk.-ih per cent 

1 10 

20 0 

1 18 

20 0 

1 32 

2.10 

1 20 

l')0 

1 21 

U. 0 

1 18 

1.10 

1 13 

0 0 

1 oil 

1 


i 


The solid hydrate of ,soda is obtained by evapoialing a solution ot 
soda, precisely in the ^ame manner a*? llic corresponding preparation 
of potash It IS soluble in all proportions in ualer and alcohol 
Soda IS distinguished from ]»otash and otliei bases by several jiro- 
perties — 1st All its salts are soluble iii water, and it is therefore 
not precipitated by tailaiic aud, chloride of platinum, or any other 
reagent. 2d With sulphunc acid it aflbrds a salt winch crystallizes 
in large efflorescent prisms, easily recognised as Glaubci's salt 3d 
Its salts cojnmumcatc a rich yellow tint to llaiiic 

Sulphides of sodium — These compounds so clo«cly resemble the 
sulphides of potassium as not to require a particular description Tlio 
protosulphide of sodium crystayizcs from strong solution in octo- 
hedrons. Tins salt contains water of •crystallization , in contact with 
Mr it rapidly passes into caustic soda, and the liyposulplule of tin 
same base 
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Chlonde of aodtum, Sea salt. Common salt , NaCl ; eg. 58.5 o} 
731.25. — Sodium takes fire m chlorine gas, and combining with that 
clement, produces this salt. The chlonde of sodium is also formed 
on neutralizing hydrochlono acid, by soda or its carbonate, and ii? 
obtained thus in the greatest punty. Sca-watcr contains 2.7 pp» 
cent, of chlonde of sodium, which is the most considerable of its saline 
constituents, (analysis of sea- water, page 819). Salt is obtained 
from that source in warm climates, as at St. Ubes, in Portugal, on 
the coast of the Mediterranean near Marseilles, and other places where 
spontaneous evaporation p^pceeds rapidly, the sea-water being re- 
tained in shallow basins or canals, on the surface of which a saliiK' 
crust forms, with the progress of evaporation, which is broken and 
raked out. Sca-watcr is also evaporated artificially, by means nt 
culm, or waste coal, as fuel, on some parts of the coast of Britain, 
but as much for the sake of the hitler n as of the common salt it 
affords The evaporation is not earned to dryness, but when the 
greater part of the chlonde of sodium is deposited m crystals, the 
mother liquid, winch forma the bittern, is drawn off , it is the source 
of a portion of the Epsom salt and other magnesian preparations of 
commerce Other inc\haustible sources of common salt are the beds 
of sal-gem or rock salt, which occur m several geological formations 
posterior to the coal, as at Nortliwich in Cheshire, m Spain, Poland, 
and many other localities. These beds appear to have been formed 
by the evaporation of salt lakes without an outlet, in winch the saline 
matter, continually supplied by nvers, liad accumulated, tdl the wdtei 
being saturated, a de})osition of salt took i\iace upon the bottom of 
the lake. The Dead Sea is such a lake, anil tlic bottom of it is found 
to be covered with salt The salt is sometimes sufficiently pure foi 
its ordinary uses, as it is taken from these deposits, but more gene 
rally it is coloured brown from an admixture of clay, and requires to 
be purified by solution and filtration Instead of sinking a shsft to 
the bed of rock salt, and mining it, the superior strata are often 
pierced by a bore of merely a few inches m diameter, by which water 
IS admitted to the bed, and the brme formed drawn off ^ by a pump 
and pipe of copper suspended in the same tubular opening. 

Chlonde of sodium crystallizes from solutidn in water in cubes, 
and sometimes from unne and liquids contaimiig phosphates in the 
alhed form of the regular octoiiedron Its crystals die anhydrous, 
but decrepitate when heated, from the , expansion of water confined 
between tlieir plates. According to Fuchs, pure chlonde of «odium 
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has exectlj the same degree of solubility m hot and cold water, re- 
quiring 2*7 parts of water to dissolve it at all temperatures , but it 
lias been proved by Gay-Lussac, and also by Poggiale, that the solu- 
bility of this salt increases sensibly, although not considerably, with 
the temperature. According to Poggiale 100 parts of water dissolve 
of chloride of sodium 85 52 parts at 32°; 35 87 parts at 57 2° 
(14° C); 39 61 parts at 212° (100° C); and 40 35 parts at 
229*46° (109 7° C ), the temperature of ebullition of a saturated 
solution (Annales de Ch 3me Ser viii 469) Gay-Lussac also 
makes the boiling point of a saturated i/dution 229 5, but that tem- 
jierature is too high (I believe) for a solution of pure chloride of 
sodium. When a saturated solution is exposed to alow temperature, 
between 14° and 6°, the salt crystidlizcs m hexagonal tablets, which 
have two sides larger than the others Puchs found these crystals to 
eontam 6, and Mitsclierlich 4 equivalents ot water If their tem- 
perature 13 allowed to rise above 14°, they undergo decomposition, 
and are converted mto a congcncs of minute cubes, from which 
water separates. 

The httle Wreasc of the solubihty of chloride of sodium at a high 
temperature, makes it impossible to crystallize tins salt by cooling a 
hot solution, but Mr Arrott finds that with the addition of thlondo 
of c^cium to the solution, a greater inequality of solubility at high 
and low temperatures takes place, and a jicrtion of the chlonde of 
sodium ciystalhzcs from a hot saluiatcd solution on cooling In the 
evaporation of bnne for salt, certain inconvnncnces attend the depo- 
sition of salt from the boding solution, u Inch Mr. Arrott proposes to 
obviate by the presence of ehlondc of calcium 

Pure chloride of sodium has an agreeable saline taste, deliquesces 
slightly lu damp weather, and dissolves largely in rectified spirits, 
but la very sliglitly soluble m absolute alcohol Its density is 2 557 
(Mohs) It fuses at a bnglit red heat, and at a higher tiunperature 
rises in vapour. It is immediately decomposed by ml of vitriol, with 
the evolution of hydroclilonc acid. Besides being used as a si’asomng 
for food, cldonde of sodium is employed m the preparation of the 
sulphate and carbonate ot soda. When ignited in contact with clay 
containing oxide of irfin, the sodium of this salt becomes soda, and 
umtes with the silica of the clay, while the chlonnc combines witli 
iron, and is volatilized as scsquichlonile of iron. When chlonde of 
sodium and silica, both dry, arc heated together, no decomjiosition 
takes place , but if steam *is passed over the mixture, hydro^flilonc 
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acid is evolved and silicate of soda fortoed. On this decomposition 
IS founded *the mode of communicating the salt>glaze to potteiy ■ a 
quantity of salt is fiirown mio the kiln, where it is converted into 
vapour by the heat, and condensing upon the surface of the pottery 
causes its vitn6cation, which -is attended with the formation of hydro 
chloric acid, and of sesqaichlondo of iron, if scsquioxide of iron be 
present. These decompositions are represented by the following 
equations • — 

S1O3 and NaCl and HO=NaO SiO, and HCl 
SiOj and 3NaCl anS re2O3=3Na0 SiOg and FejClg 

The first reaction has not been applied successfully to the prepara- 
tion of soda from the clilondc of sodium, owing, it is said, to the 
vitrification of the si h cate of soda produced, which covers the 
undecomposed chloride of sodium, and protects it from the bteam. 
Mr. Tilgliman substitutes for the silica prccijntated alumina, which is 
made up into balls with the chloride of sodium, and exposed to stccini 
m a reverberatory furnace at an elevated temperature. ,llydrochloiic 
acid escapes, and aii alumiuate of soda is formed, which may be 
decomposed, when cold, by dry cai borne and, the carbonate of soda 
IS dissolved out by w’ater, the alumina is made up again into*balls 
with chlondc of sodium, to be ignited and decomposed by steam iis 
before 

The bromide and iodide of sodium crystallize in cubes, and rescinble 
in properties the corresponding compounds of potassium 


SATAs OF OXIDE OF SODIUM. 

Carbonate of soda, NaO COj + lOHOj cy. 53 + 90, 01 
662 5 + 1125 — ^'riiis useful salt is found nearly pure in commerce, 
in large crystals, which effloresce when exposed to air These erw 
tds contain 10 eqmvalcnts of W'atcr, and consist, in 100 paits, of 
21 81 soda, 15 43 carbonic acid, and 62.76 water According to 
Dr Thomson, they generally contain about per cent, ol sulphate of 
soda as an accidental impurity they belong to the oblique prismatic 
system Their density is 1 623 100 parts of water dissolve 20 64 
of the crystals at 58 23°,' and more Ihan an equal weight at the boil- 
ing temperature (Dr Thomson). Tii warm weather, the carbonate 
of soda sometimes cryst^izcs m another form, which is not cfilqi^sccai, 
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ami of which the proporlion'of water is 8 equivalents. The ordinary 
crystals, by efllorescing in dry air, are reduced to a ^lydrate of 5 equi- 
valents of water, NaO CP 2 + 5HO. The same hydrate appears when 
a solution of carbonate of soda is made to ciystalhzc at 93° (31° C ), 
ni crystals derived from an octohedron with a square base Again, 
a solution of this salt evaporated between 158° and 170° (70° and 
80° C.), deposits quadrilateral crystals, containing 1 equivalent of 
water, or 14 77 pei cent. Caibonate of soda, therefore, ajipears to 
be capable of forming four definite liydiatcs, cont.iiiung 110, 5110, 
SHOj and lOHO. The density ot thoi anhydrous salt is 2 509 
(I'llliol). 

The solubiUty of the carbotwite of soda, sujiposed to be aiihydious, 
.it various- iemperatures, wa? observctl by M Poggi.ilo to be as 
follows 

100 parts of waltr ut 32’ (0‘ (' ) dissolve 7 Ob of laibonatc of soda 


100 „ 

50’0O'(') „ 

IC (>(■ 

100 

„ 08-’ (20“ ( ) „ 

23 S3 

100 .. 

„ „ 

)3 00 

100 


IS 50 


To obtain sudi determinations of the solubility of ,i salt .it a given 
tcinp^ature, water is kept in contact with a con sidi'i able excess of 
tlie salt in the stale of pow'dci Joi at least half an hour, .it the fixed 
li'mjtcratuic, willi occaMoiwl agilalion About two ounces of the 
solution is tlicii tiansforraed into a light glass flask (fig 153), and 

In. 153 



after being accurately wciglicd, i| evaporatcij either over the gas, or 
hy a small furnace, taking care to hold the neck at an angle of 45°, 
to avoid drops of fluid bcinp thrown out by the ebullition After 
the saKris dry, the heat is still continued, to expel the water of crys- 
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tallizatioi], the escape of the latter being promoted by blowing nn 
gently into tlie fla|k while hot by means of bellows having a bent 
glass tabe attached to the nozzle. 

This salt has a disagreeable alkaline taste When heated, il 
undergoes the w^atery fusion , its water is soon dissipated, and a whur 
anhydrous salt remains, winch again becomes liquid at a red hc.it, 
undergoing then the igneous fusion, and by a greater heat it loses no 
carbonic acid A mivtiirc of carbonates of potash and soda is more 
fusible than citlicr salt separately. 

Carbonate of soda is decomposed at a bnght rod heat by the 
vapour of water, which disengages all the e.irboiiic acid, anti pio- 
duces hydrate of soda, NaO 1 10 The carbon of its ncul is also set 
at liberty by phosphorus at a high temperature, and the phospliatc of 
soda formed liimc, baryta, strontia, and magnesia, decompose a 
solution of carbonate of soda, assuming its carbonic acid and lilie- 
rating soda 

Carbonate of soda is manufactured by a process which will he dr 
senbed immediately under tlie head of sulpliatc of soda , Much of the 
cjurbonatc of commerce is not crystallized, but simply evaporated to 
dryness, and is then known as saUs of hodu, sorfo-so//, or soila-fisli 
In this form it generally contains clilondc of sodium, sulphate o^soda, 
hydrate of soda, and often insoluble matter, and vanes considerably 
in value The soda which is caustic, .uid th.it m combination with 
carbonic acid alone of the acids, are available in the application ol 
the salt as an .dkaliue substance The jinre anhydrous carbon.ite 
of soda consists of 58 58 soda and dl 4-2 rarbonic acid, and tlie best 
soda-salts of commerce contain from 50 to 5d per cent of available 
sod.i The oper.ition of ascertaining tlie proportion of alkali in tlit''e 
salts, and in other forms of the rarbonate of soda, is a process of im- 
portance from its frequent occurrence, .md of high interest and 
value as a general method of analysis ot easy execution, and .‘iiplitvi- 
ble to a great variety of substances. I shall therefore destribf 
minutely the mode of conducting it 
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ALKAIilMETRY 

I 

llie expenment is, to find how many moasurcs of a diluted and 
arc miuircd to destroy the alkaline reaction of, and to ncutrah/e 1 00 
frniins of a specimen of soda-salt. (1 ) The acid is measured in the 
alk<dimetcr, which is a strciight glass tube, or very narrow jar, with a 
Fio 154 154.), about 5-8tlis of 

an inch m width, and It or 
15 inches m height, gonor.dly 
mounted upon a foot, wlucli 
IS by no means adv<int<igeous, 
as a, (fig 155), capable of 
containing at least 1000 gis 
of water It is graduated 
into 100 parts, oach of which 
holds ten grains ot water In 
the ojieialion of dividing such 
an instrument, it is more con- 
venient to use measures of 
mercury than water, — 135 68 

grains of mercury being iii bulk ciiual to 10 grains of W'ater, 
678 40 grains will be eipial to 60 grains of water A unit 
mcasuic may bo formed ol a pipette, b, made to hold the last 
quantity of mercury, into which the metal is poured, the ojiemiig at 
the pomt of the pipette heiiig closed b) the finger, and the height of 
the mercury m the tube marked by a scictcli on the glass made by a 
triangular file The bulk of twice that quantity of iiieicur), or 100 
water gram measures, may hkewi"C be marked upon the tube The 
former quantity of mercury is then decanted fioin the tube mto the 
alkahmeter to be graduated, aud a scratch made upon the latter at 
the mercury suiface this is 5 of the lO-graiii water measures. 
Another measure is added, aud its height marked , and the same rc- 
IWatcd till 20 measures of meicury m all have been added, which are 
100 ten-gram water measuies The subdivision ot each of these 
nieasures into 5 is best made by the eye, and is also marked on the 
alkaliineter The divisions are lastly numbered, 0, 5, 10, &c counting 
from above downwards, and terminating with 100 on the sole of the 
instrument. Several alkalimeters may be graduated at the same 
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time, Mitb little more trouble than one, the measured quantities of 
mercury being transfened from one to the others in succession 
(‘2 ) To form the test acirb 4 ounces of ocl of vitnol are diluted 
with 20 ounces of water, or larger quantities of acid and wafer 
are mixed iii these pro[)oitinris About tlirce- fourths of an ounce of 
bicarbonate of sod.i is heated strongly by a lamp for an hour, to 
obtain pure carbonate of soda, of winch 171 grains arc imni(- 
diately weiglied, that quantity, or more piopeily 170 0 grams, con- 
taining 100 grams of soda Tins pmlioii of carbonate of soda is 
dissolved in 4 or 5 ounces of hot water, contained lu a basin, aiul 
kept in a state of gentle ebullition, and the alk.ihmetcr is filled up 
to 0 with the dilute acid The measured acid is poured gradii.illy 
into the sotia solution, till the aftioii of the latter iqioii test-])aper 
ceases to he alkaline, and becomes distinctly acid, and the mcasiirts 
of acid necessary to pioduce lliat cUaiige accurately ob'^e^vc^l Tlio 
last portions of the acid mu^ be caiefully added by a single drop at 
a time, ulnoli is most easily done by using a short glass rod to c('ii- 
duct the stroiim of acid from flic bp of the alkahractcr Jt may pro- 
bably require about 90 mc.iMiies But it is convenient to liavc i hr 
acid exactly of the strength at mIiicIi 100 mcnsines of it saturate 100 
grams of soda A plain c) hndncal ]ar, c, of which the capacity i'< 
about a pint and a half, is giaduated into 100 parts, each coii- 
tainnig 100 grain lueasun s ot water, or ten times as much as tlic 
divisions of the alkalimetcr Tlie divisions of tins jar, however, aio 
numbered from the bottom upwards, as is usual m measures of 
capacity. This jar is filled up with the dilute acid to the extent of 
00, or whatever number of tlie alkaliinpter divisions of acid weic 
found to nentrali/.c 100 giains of soda, and it-atn is added to make 
up the acid liriuid to 100 measures Such is the test acid, of wdnrii 
100 alkalimetcr measures ueutralue, and arc equivalent to, 100 grains 
of soda; or 1 measure of arid to 1 gram of soda It is transferred 
to a stock bottle The remainder of the original dilute acid is diluted 
with water to an ecpial extent, lu the same mstruraeiit, and added to 
the bottle The density of this acid is 1 0005 or 1 0008, which is 
sensibly the same as 1 1 The protohydratc of sulphuric acid 
diluted with 5^ times its weight of water, gives this test acid 
exactly ; but as oil of vitriol vqnes m strength, it is better to 
form the test acid in the manner desenbed than to trust to that 
mixture, Twenty-two measures of the test acid should neutrabze 
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lOO grauia of ci cdiboiiatc of soda, and 58^ measure'., 100 giaiiis 
of pure aoliydious c.uboiiale of soda. 

(;} ) 111 applying the lu"! iicicl, it is poured from the .ilk.iliinetei, 
.IS belorc, upon 100 giams of the soda-vdt to be tested, dis'.oUed in 
IflO or three ounces ol hot watei, the Inpiul being well stnied by 
.1 glass lod alter ca< h addition ol .itid The salt contains so man v 
g.ains of soda as it rwpiucs uieasmes ol acid to nenti.ili/o it, anil, 
tliciefou', bO much alkali ]ier cent The Inst liial, howevci, should 
only be consxdeied an .i[)proMinalioii, .is much guatci accuracy will 
b( obtained on a lepctitioii ol it The cv\peuim nt is oflin niadt in 
ihu cold, blit it is very adcantageous to have the alkaline solution in 
A h.isin, in winch it is healed and ivapoiatid diiiiiig the addition ol 
the lest-acid The indications ot the tcst-p.ipei then biioine gicaily 
more clem mid decisive, both lioin the evpulsion ol the c.iihonic 
add and the coiieentratioii ot the solution WTlli sin h piccautions 
the proportion of soda in.iy be dceiniincil to 0 i giaiii in 100 giains 
ol salt, and an alk.xlimetncal deti iiniii.ition, ma le in few minutes, 
Is not infenoi^iu piccisiuu to an oidmaiy .nuiljsis 

if the soda-salt is miveil with iiisohihlc mailii, its solution must 
hi niteied bcfoic the test acid i& apjiluil to it Jn CAaTninmg a soda- 
Nilt w'liich hhukeiib salts of le<ul, and contains caihonati ol soda with 
sulphide of soiliiiin and hjposidphili ol soda, 100 giaiiis aie tested 
as above, and the whole alkali iii the sails thus deleinnucd A 
neutidl solution ol chloiulc of calcium is also aihled m eveess to tlie 
solution ol a second hundicd giains, by which the larbomite of soda 
is coiiveited into cliloniie of sodiiiin, while Criihonate ol liiiio piecipi- 
tates The liltcicd lupnd is still alkaline, .mil confains all the sul- 
jiliidc of bodinin and li^ posui[ilnte ol sod.t , the quantity of soiLi coi 
lesjioudiiig with which is dsciilained by means ot the test acid 
This quantity is to be dcductcil fiom the whole ipiautity of alkali 
observed iii the first expiinuent 

Borax may be analysed by the same test acid, and will be found, 
when puie, to couiiuti 10 07 pci cent of soda The carbonates of 
iwtasli may .also be examined by tlic same means, but the percentage 
of alkali must then be estimated liiglier th.ui the measures of acid 
neutralized, m the prOpoitioii ol the eqinv.ileiit of soda to that of 
potash, which aic to Ctich other .is Tl to 17. 

The tcst-piiper employed m .ilkalwiietiy must be dclic.ile It 
should be piep.acd on purppsc, by a])plyiiig a filtiucd infusion ut 
litmus tseveral tunes to go6d letlcr-p.ipci (not unsi/ed p.ipcr), and 
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diying it after each immersion, till the paper is of a distinct but not 
deep purple colour If the test-acid be added to the alkaline solu- 
tion in the cold, the operator must make ^himself familiar witli the 
difference betucen the slight reddening of his test-paper by carbonic 
acid winch is disengaged, and the unequivocal reddening which is 
produced by the smallest quantity of a strong acid The former is .i 
purple or winc-red tint , the latter a pale or yellow red, without 
blue, like the skm of an onion. 

Method of (iay-Lu<t<tac — TIic directions for proceeding given by 
M Gay-rjiissac arc recommended by the general utility of tbel’renoh 
measures employed lor scientific purposes It is commercial potash 
which 13 supposed to be examined, and its value is expressed in 
anhydrous oxide of potassium 

Tlie acidcmplojcd is the sulphuric, as before, of wliicli 5 grammes 
at its maximum of concentration, that is, the acid 110 SOj, are taken 
as a unit This quantity of acid is diluted with water, so that the 
mixture occupies fifty cubic ceiitimjiteis, or one hundred half cubic 
centimeters* It is capable of iieutiali/aug 4 816 grammes of pure 
potash, and one half cubic centimeter of the dilute acid will conse- 
quently mdicfiie 0 04816 giamme of jiotasli 

To prepare the no) mul acid find, .is the tcst-acid is called, it is 
necessary to have the pure raonohjdratcil sulphuric acid The acid 
sold as distilled sulpliuiic ,icid is sulhcicntly free from fixed irapun- 
tics, but generally contains a little water in excess Jiy cvapoiating 
off one-fourth of this acid, the remaining three-fourths are left of the 
maximum degree of concentration One liundrcd grammes of the 
raoiiohydrated sulphuric acul me accurately weighed m a small glass 
bottle A thin glass llask is .il'so provided, which holds n liter of 
water wlien filled to a mark on the neck. I'hc sulphuric acid alieady 
weighed is added in a gradual manner to this flask, about half filled 
with water at first, a circular motion being given to the vessel ni 
order to mix the liquids rapidly The acid bottle is well nnsed out 
with water, which is added to the flask , and when the whole cools, 
more water is added to fill up the flask to the mark on the neck 
The normal acid fluid, thus prepared, should be preserved for use m 
a well-stopped buttle 

In making an examination of commercial potashes, a fan sample 

* The Greramc is 15 4336 graias, the Cubic Centimeter, 0 00103 English cubic 
inch , the Liter or 1000 cubic centimeters, 01 03 cubic inches, 0 32017 English impe- 
rml gifllon, or 1 76183 pint • 
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of the mass IS first taken, and reduced to powder j of this, 48 16 
{rratnmes are accurately weighed out, and dis'^olved in a quantity of 
aater, so that the volume of the solution is c\actly half a liter If 
oiie-teiitli of this Inpiid bo taken, that is, fifty cubic centimeters, we 
shall of course have the quantity which contains 4 816 grammes of 
the pQtiphes. To draw ofl this portion conveniently, a pipette is 
used (fig 156), which holds fifty cubic centimeters 
w'hcn filled up to a iii.irk a on its stem The 
pipette IS emptied into a plain gl.i'sS jar, the last 
diop of liquid being m.ule to How out by blowing 
into the pijicttc A suIRcieiitlj distmct blue tint 
is given to tbe liquid in the j.ir by the additioii of 
a few drops of an infusion of litmus, and the jar 
placed upon a abcet of wlnto Ictki jiapcr, in older 
to observe tbe ebanges of colour afterwards with 
more lacility 

'J’o measuie (be normal acid ilunl, ii glass lube 
ol the foim lig 157 i*- used, 1^ oi 11 millnnetcrs 
in intoiiial diamctir, wliidi is called a bnu'Ue it 
IS divided into half cubic centimeters, and tbe di- 
visions marked on tlie large lube in an inverse 
Older, as in the foimci alkalmictcr The beak 
may be gic.iscd btlow the aperture, to jircvent tbe 
liquid ruiming down the outside of the glass The 
acid is poured from the burette, tilled to the divi- 
sion 0,*into tlic jai containing the potash-solution, 
the liquid iii the laltei being constantly stirred. 
Tlie cliaugc to the wunc-cohmi is fiist observed, 
and the addition of acid is afterwards continued 
with llie greatest caution, diop by drop, till the 
liquid assumes at once the oniou-skiii led A few 
drops of acid m excess are inevitably added, owing 
to the slowness of the action of the last portions of 
acid upon the colouring matter The number of 
these drops 'm excess is discovered by drawing a line with the liquid 
upon a shp of blue litmua paper, after tlie addition of each drop. 
The lines become red after the lapse of some tune, where the acid is 
m excess, and give tlic number tif drops to be deducted, of these, 
five are m general equivalent to one mi'asiire of tlie burette Tlio 
quanti^ of potash is calculated from the measures of normal acid 
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fluid icquiredj each measure representing 0 04816 gramme of potash^ 
as already stated 

The chief objection to the practice of this method is the dehcacy, 
and m some degree uncertainty, of the mode of determining the 
number of diops of acid always added in c\cess. This difficulty is 
best avoided, I believe, by operating upon the alkidme solution while 
hot aud undergoing cvapoiation, as diiccted m the preceding method 
of alkalimetry * 

The object of an alkalimctncal pioccss may also be obttuned hy 
determining the quantity of carbonic acid in a specimen of soda-ash 
or iiotaslies The quantfty of carbonic acid is asccrtami'd by decom- 
posing the carbonate by sulphuric acid, and observing the lo^s of 
weight occasioned hy the escape of the gas The evolution of hydio- 
sulphuiic acid gas at the same time, by' the decomposition of sulphidi; 
of sodium, 13 prevented hy adding a lillle hichromatc of potash to 
the sulplimic acul, so as to oxidi/c the former acid gas h’or cvciy 
equivalent of caibonio acid, oi 22 paits, an e(|uivalent quantity ol 
soda or potash is allowed to be picsent, namely, 31 parts of soda 
or 47 parts of potasb The process may be conducted by means of 
the well-devised arrangements of Dr ill, described in works upon 
Analytical Cliemistry. It would, however, be a subject of regiet 
if this latter method should be .dlowed to supersede the Us(‘ of 
normal fluids and the burette, wljieh are capable of being usefully 
npjihed in numerous other invcsttgations besides alkahnietiy, and, iii 
fact, form the basis of an interesting department of chemical analj''!s 

Tiicaibunate of soda, 110 CO 2 + NaO COj , 84 or 1050 — 
This salt is formed wJicn a streRin of cmboiiie acid gas is tiaiismitlcd 
through a saturated solution of the nential caibonate, it is then 
deposited as a farinaceous powdei, but may be obtained m crystids 
from a weaker solution, winch arc rectangular prisms Dut if is 
goiierully jircpared on the large scale by exposing the crystals of 
neutral carbonate, placed on trays in a wooden ease, to an atino 
sphere of carbonic acid gas the matter then changes entirely into 
bicarbonate, which appears in amorphous and opaijue masses One 
hundred parts of water dissolve of it 10 01< parts at 5¥)° (10° C ) 
and 16 69 parts at 158° (70° C ), according to M Poggiale. Al- 

I I 

* The appoialuB and melhods of alkalimitry have received muLh attention from 
Griffin His improved apparatus aud test-papci may he prociirhd at the Chcnnc*t 
Museum, 53, Baker Street • 
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lliougli coiitaimiig two equivalents of aciil, tins salt is alkaline to 
test-paper, but its taste is much less unpleasant tli.in the neutral 
carbonate, and indeed i« scmcely peiceivcd when mixed witli a little 
common salt The cijstalli/cd salt is permanent in dry air, but its 
solution loses carbonic acid, slowly at the temperature of the an, and 
rapidly above 1G0°, parsing into the stale of sesijuicarbonate, and ulti- 
mately of ncutial carbonate A solution of bicarbon.itc of soda dot's 
not produce a prctipit ate in salts of magnesia 111 the cold, nor docs 
it disturb immediately a solution of chlondo of mercury , by ivhich 
properties it is distinguished (loin the iisiiljial c.irboTi.ite 

The bicaibonatc of soda is obtained otherwise by an interesting 
reaction Equal w eights me taken of common salt and of the car- 
bonate of ammonia ol tlu* slioi>s, windi is cliietly bicarbonate , the 
former is dissolved in tlirtc limes its u eight of ivater, and the latter 
added in the stale of fine powder 1o tins solution, the whole stiried 
well together, and allow'cd to stmul for vonic hours The bicaibo- 
nale of oxide of ammonium pie'^ciit le.icls upon chlondo of sodium, 
])ioduciug jbe mote sparingly soluble bicaibouale of soda, which 
precipitates iii crj’slallnic grams and causes tlic ht|uid to become 
thick, with chloride of animoiuuin (sal-ammomac), winch icmmiis in 
solution — 

no COa-t-NIip CO 2 .uid Na Cl = 

no COa-f KaO CO.^ and Nil* Cl 

The sobd bicaibonatc ut soda is sepaiatcdfiomthc liquid by pressure 
ill a scicw jiress, but ictauis a portion of chloride of sodium 
Wessis Heiuranig and j^ycr, who first observed tins reaction, pro- 
posed it as a process for obtauuiig caibonalo of soda fiom rummoa 
salt 

‘Sesquuatbonalr of iiOilu , 2JfaO-f oCOj -fd-llO , 161 «/ 2050 
— Tins salt presents itself oceasioiicdly in small jinsmatic crystals, 
but cannot be piepiucd at pleasuic It is unalteiablc in tin; an, but 
IS decomposed in the diy state by a less dogiee of heat than the 
bicarbonate, notwitlistauduig its containing a smaller excess of car- 
bonic acid ^ The tlieoretical carbonate of water, supposed to resemble 
the carbonate of magnesia, will bo 110 COg-t-HO-l-SllO , winch 
gives the sSilt in question, if the last 2110 are replaced by two pro- 
portions of protoliydrated carbonate of soda Substitutions of tins 
character apjwar to be common m the formation of double cai bo- 
nates and oxalates The bicarbonate of potash may be formed by 
the substitution of caiboiiate of potash for the first 110, in the same 
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carbonate, of water, wlnle the other 2HO disappear. The sesqui- 
carbonate of soda occurs native in several jiUccs, particularly on the 
banks of the lakes of Soda m the provincij of Sukena, in Afiica, 
wlience it is exported under the name of Tiuna , m Egypt, JIuu- 
gary, and in Mexico, and has the same jiroportion of water as the 
artificial salt 

Doithh' cm honate of potash and soda. — The carbonates of pot- 
ash and soda unite readily by fusion A compound was also ob- 
tained by M Marguentte, in transparent cr\ staU, by subiiiittiug a 
solution of the two carbonat/'s, in diflcrent proportions, to evaporu- 
tion, of which the formula is 2(NaO COj) + (KO COj) +18HO 
These crystals may be dissolved without injury in a solution of car- 
bonate of potash, but wdieii di-^solvod in pure water they are in gri'dt 
part dccomposc'd, and allow crystals ot carbonate of soda to be 
deposited This double salt may be analysed by evaporating to drj. 
ness, alter first adding hydrochloric acid, to convert the bases into 
chlondcs of potassium and sodium, and then precipitating the lormei 
by moans of Incliloride of platinum, as described at pane 526. 

Sa/jihitcofSoda — NaO SOg + lOIlO, f)6 + 9(),or787 5 + 1125 
This salt crystallwes in oblique prisms, and is efiloresceiit like the 
sulphate of soda, which it much resembles Its taste is sulphureous, 
and its reaction leebly .dkahiic AVhen heated stioiigly in a clo«c 
vessel, it gives sulphate of soda mixed with sulphide of sodium It 
IS prepared by passing a stream ol sulphurous acid through a solu- 
tion of the carbonate of soda (p 40U), oi on the large scale by 
exposing the crystals of carbonate of soda, hioistcned, to the vapoin 
of burning suljdiur Tins salt, and also tlic snljdiite of lime, .ne 
much employed as an nnhchlotc, or to remove tlic last traces of 
clilonnc from bleached cloth and the pulp of jiaper A bisulplntc of 
soda also exists, wdiich appears m irregular and opaque crystals 

Hyposiilphile of soda — ^NaO SjOa + SIlO , 79 + 45, or 987 5 
+ 562 5. Tills salt, of which the preparation and some of the pro- 
perties have already been described (p 415), is inodorous, persistent 
in air, very soluble m water, and insoluble in alcohol. It crystallucs 
in large rhomboidal pnsms, terminated by oblique faces, of winch 
the acute angles arc replaced by planes When heated m a covered 
vessel, it first loses its water, and then undergoes decomposition, and 
is resolved into sulphate of soda anJ pcntasulphide of sodium The 
hyposulphite of soda readily dissolves chlonde of silver, forming a 
double salt of soda and oxide of silver,, which has an intenscl,^ sweet 
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taste It also dissolves the red oxide of mercury easily,, forming a 
double salt, which readily decomposes with deposition of sulphide of 
mercury. With chlonde of gold, it gives rise to the formation of 
chloride of sodium, tctratlnonate of soda, and a double hyposulphite 
of soda and oxide of gold, of which the formula is 

AuaO S 2 O 2 + 3(NaO SjOj + l-llO(l'ordos and Gelis) 

The use of this last salt is recommended for fixing the draguerreo- 
type image. 

Hulphatc of soda, CHauhtt's <tal( , Jf^OSOa + lOHO, 71 + 90, 
ot 887 6 + 1125 — This salt occurs crystallized in nature, and also 
(li-ssolved m mineral watcis, and is formed on neutralizing c!y:boimte 
of soda by sulphuric acid Hut it is more generally prepared by 
decomposing common salt with sulphuric acid, as 111 the process for 
hydrochloric acid (page 401) Th(‘ sulphate of soda ciystallizcs 
readily in long pnsms, of winch the sides are often cliannclled, which 
have a cooling and* bitfci taste, and eontaiii 55 7(5 per cent of 
water, or !() eiiuivaleiits , in which they fuse by .i slight elevation of 
temperature, and which they lose entirely by ellloresceiice in dry air 
even at 40° At 32°, 100 parts of water dissolve 5 02 parts of anhy- 
drous sulpliale of soda, 10 73 jiirts at 04 2° (17 9]°C ), 50 05 parts 
at 91° which is the teinperaluie of iiiaMiTnim solubility of this salt, 
and 42 65 jiaits at the boiling temperature of a satuiated solution, 
which 13 217 6° (103 1°C), .is observed by Gay-Lussac In a 
supersaturated solution of tins salt (jiagc 315), crystals arc some- 
times slowly deposited, which are rliircieiit ni foim and harder than 
Glauber’s salt, they arc long prisms with ihombic bases, and contain 
8 equivalents of water, or possibly only 7 equivalents (Locwel, Ann 
Ch Pliys 3 ser xxix 02, or riiem Soc Quart Journ in 104) 

M Loewcl finds these crystals to have a gi eater solubility than 
the ten-atom liydr.ite The sulphiite of soda no doubt exists in the 
supersaturated solution as eight-atom hydrate, and the salt is induced 
to crystallize by causes winch make it to assume two additional 
equivalents of water, and form the less soluble hydrate It is proved 
that the action of air m causing crystallization is not from its pres- 
sure (Gay-Lussac, Aim. Ch Phys 2 ser 11 296) ; but, as I have 
shown from the solubility of air m the saline solution, carbonic acid 
exceeding air in activity (Edinb* Trails xi* 114) Loewcl observes, 
among other curious circumstances, that a rod of glass or metal, which 
deternuncs the formation of'tlje ten-atom hydrate when plunged into 
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the supersaturated solution, losra tins property if it is left in contact witJi 
water for twelve hours, or if it has been previously heated to betweeu 
40° and 100° C , and continues inca^iablc of luduciug crystallization 
for ten days or a fortnight at the ordinary teinpeiature, if preserved 
from free contact with the air I had picvionsly put up clean glasi 
beads into supersaturated solutions contained lu jars inverted over 
mercury, Milhout detenniuiug crystallization, and would ascribe the 
action of the glass surlacc to adhciiiig soluble matter, rather Ilian 
the molefular coiuhtioii of the glass, as su])poscd by M Locwel 

A saturated solution of sulphate of soda, kept at a temperature 
between 91° and 101°, aflords octohuhal crjstals with a rhombic 
base, wj^ich arc anliydrous They aic isomoiphoiis with tlie liypir- 
manganatc of baryta Their density is si CllJ The anhydious sail 
fuses at a biight-rcd heat, without loss of ai id Sulphate of soda 
was at one time the saline aiH'Uciit in general use, but is now supci- 
si'dcd by sulphate of lu.igiiesia It is si ill, howcvci, combined w'ltli 
the tartrate of potash and soda, lu Siidhlz powdeis. 

The ervstallized sulphate of soda dissolves fiisdy iii hydrochlonc 
acid, or m dilute siilpliiiric atul, and pioduces a great degree of cold, 
by which water may easily be iiozcu m summer A suitable appa- 
latub for this puipose consists of a hollew cylinder 0 G (I’lgs 15^ 
and 159), intended for tlic reception of the fietziug mixture, itsdt 
surrouiuk'd by a ‘•pace to cont.uri the WMter to he fioziui, liainig the 
external opening u, and the whole protected by a double casing, J5 11, 
tilled with cotton oi tow to picvciit access of heat The cyhiidci A 
I' 1(1 158 Fiq ]5t) 
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la hollow, and may also have water placed in it to be frozen. This 
cylinder is turned on a pivot by the handle above, and has projec- 
tions or vanes, C C, by which the salt and acid arc conveniently 
agitated The upper part, 7), of this cylinder is filled with a non- 
conducting muteiial. The freezing mixture is added in tliarges of 
,)hout 3 pounds of pulvciizcd suljihate of soda, anil 3 pound incasuies 
of hydrochloiic acid, at a time, winch arc repeated after ten minutes, 
and the stopcock ojicncd to allow tlic acid solution to flow into the 
vessel V below, wheie its low temperature may be further employed 
to cool wine or otliei luwciagca Wiiji 13 pounds of sulphate of 
soda, and about 10 poimds ol .icitl, from 10 to 13 pounds of icG may 
be formed in the couisc of an hour in tins m.iniiLi 

'J'he anhjdrons ‘sulphate of mkLi .iKo foiiu'. Ilio mineral Theniinlite, 
uliicli was cliscovoicd bj J1 Ca-.asLCU m the neiglibourhood of 
Tlladrid 
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'I'lie sid]jliale of soda is dtielly lormod as a slep in the process of 
pKp.u'iiig sod.i fiorn eounnon ‘-alf The same inamifac tore gives 
iiMj to the piepaiation of laige i|U.iiilities of siilphimc acid, of which 
SO pounds ,ue leipnred foi 100 pounds of sail From the last, up- 
wards of 50,000 tons of and 20,000 tons ol crystalli/ed 

eaibonatc of soda, wcic manufactured m 18‘5S, and the production 
lias since greatly increased 

A reverberatory furnace is employed m soda-making and various 
oilier chemical inanufactiucs, to 
afford the means of exposing a con- 
siderable rpiantity of materials to 
a strong heat, of winch a pci pen - 
diculnr and a honzont.d section arc 
given in fig. 160. It consists of 
a firc-placcj a, in which the fuel is 
burned, of whicli b is the ash-pit, 
with a honzontal flue expanded into 
a small chamber or oven, d d, which 
18 raised to a strong red heat by the 
reverberation on its walls ,of the 
flame aor heated air from th6 fire, on 
Us passage to tlie chimney. The 
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matters tq be heated are placed mion the floor of this chambei H 
has an opening, i, m the side, for the introduction of materials, and 
another opening, q, at the end most distant from the fire Tlic chimney 
IS provided with a damper, p, by which the draught is regulated. 

(1.) Tlie sulphate of soda is prepared by throwing 600 pounds of 
common salt into the chamber of the furnace, already well heated, 
and running down upon it, from an opening in the roof, an equal 
weight of sulphuric acid of density 1 600, in a moderate stream. 
Hydrochloric acid is disengaged and earned up the chimuey, and the 
converwon of the stilt into, sulphate of soda is comjdctod in four 
hours (2 ) The sulphate thus prepared is reduced to powder and 
100 parts of it mixed with 103 paits of ground chalk, and 62 parts 
of small coal ground and sifted This mixture is introduced into a 
very hot reverberatory furnace, about two hundred w'cightat a time 
It is frequently stirred until it is uniformly heated In about an 
l\pur it fuses , it is tlien well stnied for about five minutes, and dniwri 
out with a rake into <i cast-iron tiough, in winch it is allowed to cool 
and solidify Tins is called ball soda, or bl,iek-,iHh, qiid contain'- 
about 22 per cent of alkali (3 ) To separate the salts from 
insoluble matter, the cake of ball soda, when cold is broken up, put 
into vats, and covered by warm water In six hours the solution is 
» drawn off from below, and the washing repeated about eight times, to 
extract all the soluble matter These liquors being mixed togellier 
are boiled down to dryness, and afford a salt which is pniicipally 
carbonate of soda, with a little c,iustic soda and sulphide of sodium 
(4 ) For the purpose of getting rid of the siilpliur, the salt is mixed with 
one-fourth of its bulk of saw dust, and exposed to a low red licat in a 
reverberatory furnace for about 4 hours, which converts the caustic 
soda mto carbonate, while the sulphur also is carried off. Tins pro- 
duct contains about 50 per cent of alkali, and forms the soda-salt 
of best quality (5.) If the ciystalhzcd carbonate is required, tlic 
last salt IS dissolved in water, allowed to settle, and the clear hquid 
boiled down until a pelhclc appears on its surface The solution is 
then run into shallow boxes of cast iron, to crystallize in q cool place , 
and after standing for a week the mother liquor is drawn off, the 
crystals draiucd, and broken up for tlie market (6 ) The motlier 
liquof, which contains the foreign salts, is evaporated to dryness, for 
a soda-salt, which serves ^r soup or glass making, and contains about 
30 per cent of alkah 

In fig. 161 a soda furnace is repiesented, consisting of two com- 
partments the first, A, in which the sulphate of soda is decomposed, 
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and the sccondj B, in which sulphuric acid is applied to the cliloride 
of sodiunij and the sulphate of soda lonricd. The heat from the 
furnace is fnrtlier cconumi/ed by being applied to evaporate solutions 
of carbonate of soda in C and 13 

The most essential part of this pioccss is the fusion ol sulphate 
of soda with coal and carboruite of lime by the iirst, the sulphate is 
converted into sulphide of sodium (page 541) , and by the second, 
the sulphide ^of sodium IS eoiivcrlcd into caibonatc of soda These 
changes may be cllcetul se|)aratcly to a tonsidcr.ible extent, but 
not completely, by calcining the sulphate at a highei temperatuie 
with coal and caibonatc ot lime in siioccssion The hmc becomes at 
the same time sulphide ot calcium, oi it is more gcnci.illy supposed 
to form an oxi-sulphide of calcium, 3CaS (3a(), a compound w Inch 
would destroy the carbonate of soda, il it was dissolved along with 
that salt, in the subseiiuciit lixivialion of the ball soda But the 
sulphide of calcium benig nc.vrly insoluble ol itself, or iciuleicd 
entirely so by its combination with lime, docs not dissolve to a 
sensible extent in the experiment The application, however, of 
very hot water to the ball ->oda is to be avoided The following 
diagiam is used to represent the chemical changes m tins process, 
supposing for simplicity that charcoal is employed instead of coal, 
and lime instead ol its carbonate, the numbers denoting equiva- 
lents — 

KKACflOX IN JIIK soda PllOCEbS 


Before (leLornjKiMtion 

4 Carbon 4 

Sulpbatc 
of sodii 

d- Lime 


•('aiboii - 
Oxygen - 
Sodium -* 
Sulphur 
Oxygen 
C<ilcium 
-I Ijime 



After ileconiposition 

4 Cfiihonic oxide 
Smla 


Sulpliule of calcium 
4 Lime 


a 


o 


O 
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Mr. Qoss&gc considers tlie additional 4- equiv. of hme as super- 
fluous^ although not injunons in the process The soda derives 
carbonic acid from tlie carbonate of Innc or^ from the gases of ll,e 
fire, and is therefore entirely carbonate No hydrate of soda is 
dissolved out of the boll soda by alcohol, but a portion of the carbo- 
nate appears often to become caustic by the action of the caustic lime, 
in the subsequent lixiviation * 

The insoluble sulphide of calcium of this process is known as soda- 
waste. It IS not merely valiielcbs, hut tioublesorae to tlie maiiufactmer 
Hut the attempt has been made to turn it to accoutit as a source of 
sulphur As means are now taken to condense the hydrochloric acid, 
foimerly sent up the chimney, tins .icid applied to the soda- 
waste, from iihich it disengages h} drocliloric and earboinc acids 
But liydrochlonc acid is not pioduccd, iii the soda pioccss, m adc- 


* The aiiiilysis, hy Mr T flaiidct in iny laboratory, of n specimen of black ash fioiii 
liii inuighnin, in ulucb n niiiumuin of Uiiib njipcars to have been used, g.ive the folloniiig 
risiilla — 


■"Carbonnle Sod,a 
Sulphide of Sodium 
3 Sulphnto of Soda 

3 Chloride of Sodium 

CQ 

Silicic nrid 

wOndc of Iron, Alamimi 


rSulpliidc of Calcium 


3 



Carbonate of Lunc 
hlagnesia 
Oxide of Iron 
Alumina 

Sand oud Silicic acid 

Charcoal 

Water 


^3 13 
1 1 ) 
78 
2*R3 
58 
13 


( Siilplim 14 0 
32 90= I isj () 

3 73 = Ijirae 3 09 
• 30 


198 
3 59 


4 9.3 
10 37 
72 


100 00 

The hmo found la not in quantity auiCuent to form the oxi-sulphidc of ralcinin, 
3CaS CnO , confirming the view of the proccsa taken by Mr Guaaoge No hydrate of 
Boda, or sulphide of sodium, was diaaolved out of this block-osh by alcohol The portion 
of the lost salt obtained in the anolyaia appeared to be the result of ovcr-waahing , the 
sulphide of calcium having a tendcucy to pass into lime and the soluble hydrosulpbate 
of sulphide of calcium, which decompose a portion of the carbonate of soda. Although 
this important process has bpen much sti^died, its theory is still incomplete The 
fiiniaciiig of the sulphate of soda is p-omoted by aqueous vapour, and a loss of sulphor 
ocauTS in a way which is not understood See the papers of Mr J Brown (Phil Mag 
nxiv IB), (if M B Unger (Ann Ch Pharm Ixi Ixiu. and Ixvu ), and the Annual 
Report on the Frogress of Chemistry of Liebig and Kopp, edited by HofmBnn*and De Ib 
R ue, II 302, 1847-48. 
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qaute quantity for this appbcaiion of it, and the carbonic acid evolved 
with the hydrosulpliuric acid might interfere with the comhubtion of 
the latter. These diffiqplties, however, are in a great degree removed 
by the discovery of Mr. Gossage, that sulphide of calcium, when 
moistened vnth water, is decomposed easily and cora^iletely by a 
single equivalent of carbonic acid. Hence the application of hydro- 
chloric acid to the waste may be made, with the evolution of nothing 
but hydrosulpliuric acid ; and the deficiency in the quantity of 
liydrochlouc acid may be made up by a supply of carbonic acid, to 
be apphed to the waite, from any other spurce The hydrosulphunc 
acid would be burned, instead ol sulphur, in the leaden clumber, to 
produce sulpliunc acid. 

Many changes have been proposed upon tlio soda )jrocess Sul- 
phate of iron, produced by tlic oxidation of iron-pyritcs, is a chcaji 
■‘..ill, and may be applied to convert chloride of sodium into sulphate 
of soda. — (1 ) Ily igniting a mixture of these salts in a reverberatory 
furnace, when sulphate of sodi, acsquioxulc of iron, and volatile scs- 
quichlonde of iron arc produced (i ) By dissolving the salts 
together in water, ami allowing the solution to fall to a low tempera- 
ture, when sulph.atc of soda crystalh^es, and chloride of iron remains 
III solution (Mr Philhps) , or (3 ) By concentrating tlic last solution 
at the boiling-point, when tlic same decomposition occurs, anhydrous 
sulphate of soda prc< ipitatcs, and may be raked out of the liquor. 
The roasting of bisulphide of iron with common salt in a rever- 
beratory furnace may also be made to furnish sulphate of soda 
Sulphate of magnesia has' been substituted for sulphate of iron, in 
these three modes of application , but the unavoidable formation of 
double salts of magnesia and soda makes the separation of the 
sulphate of soda always imperfect It has been proposed, instead of 
furuacing the sulphate of soda, to decompose it by caustic baryta, or 
by sfroiitid, the last earth being jirocured by Mr 'IMglun.run, for this 
application of it, by decomposing the native sulphate of strontia from 
Bristol, by a current of steam at a red licat Such a process sJiould 
also furnish the sulphuric acid required to decompose chloride of 
sodium and form sulphate oi soda Chloride of sodium may also be 
decomposed by moisteaiiig and rubbing it in a mortar with 4 or 6 
tiinea its weight of litharge, when on oxicliloiidc of lead is formed, 
and caustic soda liberated The decompositibn of chloride of sodium 
by the carbonate of ammonia, with formation of bicarbonate of soda, 
bto already been noticed (page 553). It appears, however, tliot the 

2 o 



m 


somuK. 


soda-proceas first dcscribcdj wlucb was invented towards the cud of 
the lost ceiitttry by Leblanc^ is still generally preferred to all others 
The old sources of carbonate of soda, jiamely barilla, or tlic 
ashes of the salsola soda, whicli is cultivated on the coasts of the 
Mediterranean, and lelp, the ashes of sea- weeds, have ceased to be 
of importance, at least m England. Barilla contains about 1 8, and 
kelp about 2 per cent of alkali. 

Bibulphate oj soda, HO.SOj + NaO SO 3 , 130 or 1500. This 
salt IS obtained in large crystals on adding an equivalent of oil of 
vitriol to sulphate of soda, and evaporating the solution till it attains 
the degree of concentration necessary fur crystalliKution If half an 
equivalent only of oil of vitriol is added, a sesquMtlithate of soda 
13 obkinicd in line crystals, according to Mitscherlich Tiio ordinary 
bisulpliatc of soda contains basic water, but it may be rendered 
anbydrous by a degree of heat approaching to redncas. The salt 
thus obtained is a true bisulphatc of soda, and gives anhydrous sub 
pliuric acid when distilled at a red heat 

Nutate of soda , NaO NO 5 , SHot 10G2 5. — Tins salt crystalh/rs 
111 the rhomboidal foim ot calc-spar , density 2 260. *It is soluble 
111 twice its weight of walti, and I 1.18 a tendency to deliquesce 111 
damp au It burns much slower with combustibles tliaii nitrate of 
potash, and cannot tlierefoic be substil uted lor that salt in the maiiu- 
factuic ol gunpowdci It is now generally had recourse to, as the 
source of intnc acid, and is also largely used 111 agiiculture. Nitrate 
of soda IS found abundantly in the soil of some parts of India , and 
it forms a tlim but very extensive bed coveted by clay at Atacama m 
Peru, from which it is exported in great quantity. 

Vhlotate of soda (NaO CIO5) is formed by mixing strong solu- 
tions of bitartrate of soda and chlorate of potash, when the bitartrate 
of potash precipitates, and the chlorate of soda rcraiuns in solution 
It crystallizes m fine tetrahedrons, and is considerably more soluble 
than chlorate of potash 

Phosphates of soda — There are three crystaJlizable phosphates 
of soda belonging to the tnbasic class, wlucb I shall describe under 
their most usual names ' 

Phosphate of soda, IIO 2NaO P 05 -t-E 4 H 0 , 359 o> 4487 6 — 
This 13 the salt known in pliarmacy as phospliatc of soda, and 
formed by neutralizing phosplionc {fcid from burnt bones (page 440) 
with carbonate of soda. It crystallizes in obhque rhombic prisms, 
which uc efiloresccnt. and essentially alkaline. M. Mologuti is, ‘1 
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believe, mistaken in ascribing S6 equivs. of water to this salt The 
taste of phosphate of soda is cooling and saline, and less disagree* 
able than sulphate of ^lugiiesia, for winch it may be substituted as 
an aperient. It dissolves in 4 times its weight of cold water, and 
fuses in its water of crystallization, when moderately heated. 
When evaporated above 90°, this salt crystallizes in another 
form with 14 instead of 24 atoms of water (Clark). It is depnved 
of half its alkali by liydrochlonc acid lu the cold, but nut by acetic 
acid. 

Suhphosphatr of mda , 3NaO POs-^- 24IIO , 381 or 4762 5. — 
Pormed when an excess of caustic soda is added to tlie preceding 
Stilt. It crystalli/cs in slender six “sided pnsms, with flat terminations, 
which are unaltertible in air, but the solution of this salt rapidly 
absorbs carbonic acid, and is deprived of one-thud of its alkali by 
the weakest acids. The cr\sttds dissolve in 5 times their weight of 
water at 60°, and undergo the wftrry iiision at 170° This salt 
continues tnbasic after being exposed to a red heat 

Bipho<ti>liale o/ >,o(la , 2lI0Na0P05 4 2110, 139/?/ 1737 5 — 
Obtained by adding tcibasic phosphate of water to phosphate of 
soda, till tlic latter ceases to prodt.ee a precipitate with chlonde of 
b,irmni The solution atVords cijstals, m cold weather, of which 
the ordinary fonn is a right ilioiiibic pri^ni, luiviiig its larger angle 
of 93° 54'. But this salt is dimorphous, occurring in another right 
rhombic prism, of winch the smaller angle is 7S° 30', terminated by 
pyramidal planes, isoinorpluius with bniarsematc of soda The bi- 
jihospbate of soda is ver^’ soluble, and lias a distinctly acid reaction 
Like all the other soluble trib.isic pbospbates, it gives a yellow 
precipitate with nitiatc of silvci, wliicli is tnbasic piiospliate of 
silver. 

Phosphate of soda and ammonia, Microcosmic salt , HO 
NH40Na0.]’0g + 81I0, 201 ot 2512 5 —This salt is obtained by 
heating together 6 or 7 parts of cryslalhzed phosphate of soda, and 
2 parts of watci, till the whole is liquid, and then adding 1 part of 
pulvenzed sal-ammoniac Chlonde of sodium separates, and the 
solution, filtered and concentrated, ulTords the phosphate in pnsmatic 
crystals. It is pnnficd by a second cryslalliZivtion. 'rins salt occurs 
111 unne It is much employed as a Ilux m blo\v-])ipe experiments 
By a slight heat it loses 8110, *by a gtronger heat it is depnved of 
its remaimng water and ammonia, and converted into metaphusphato 
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of soda, ^vhich is a very fusible salt. It will be observed that tlie 
three atoms of base m this phosphate ore all different, — namely, 
water, oxide of ammonium, and soda , of which the two last belomr 
to the same natural family, for b.iscs of the same family may exist 
together in the salts of bibastc and tribasic acids, forming stable 
compounds, but not in ordinary double salts !No phosphate exists, 
corresponding with microcosmic salt, but containing potash instead 
of oxide of ammomum , the phosphate of soda, with 14110, has been 
mistaken for such a salt 

PyrophoRjthate oj sodq , 2 NaO POj + lOlIO ; 134 + 90, ot 
1675 + 1125. — Procured by heating the phosphate of soda to red- 
ness, when it loses its basic water as well ns its water of crystallwa- 
tion The residual mass dissolved in water affords a salt, which is 
less soluble than the original jihosphate, and crystallizes in prismatic 
crystals, which are permanent m air, and contain ten atoms of water 
Its solution is essentially alkaline This salt is ])recipitated white, 
by nitrate of silver It is to be remarked that insoluble pjrophos- 
phates, including pyrophosphate of silver, arc soluble to a coiisideiablc 
degree m the solution of pyrophosphate of soda Tllc pyrophos- 
phates of potash and of arnuioma can exist in solution, but pass into 
tnbasic salts when they crystallize 

A bipiftophosphufc of \o<ln (110 N.t, 0 POs) exists, obtained 
by the application of a graduated heat to the bipliosphate of 
soda, but it does not crystallize Its solution has an acid re- 
action 

Metaphosphate of soda. NaO PO 5 , '103 01 1287.5 —The 
biphosphate of soda, coiit.uning only one rijuivalent of fixed base, 
affords the metaphosphate of soda, when heated to redness The 
mctapliosphatc of soda tuscs at a heat which docs not exceed low 
redness, and on cooling rapidly forms a tiansparciit glass, which is 
tteliqucscent in damp ait, and very soluble in water, but insoluble in 
alcohol its solution has a feebly acid reaction, which can be nega- 
tived by the addition of 4 per cent of carbonate of soda. When 
evaporated, this solution does not give crystals, but does into a 
transparent pellicle, like gum, which retains at the teihperature of 
the air somewhat more than a single equivalent of water Added to 
neutral, and not very dilute solutions of earthy and metalhc salts, 
metaphosphate of soda throw^ dow'h insoluble hydrated metaphos- 
phates, of winch the physical condition is remarkable. They arc all 
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soft solids, or semifluid bodies , the metaphosphate of liipe having 
tlic degree of fluidity of Venice turpentine 

The bipyrophosphato of soda appears to undergo several changes 
under the influence of heat before it becomes metaphosphate At a 
temperature of 500°, the salt becomes nearly anhydrous, and aflbrds 
a solution which is tuniti al to test-paper, but in other respects re- 
sembles the bipyrophospliate But at temperatures winch are higher, 
but insuflicient for fusion, the salt being anhydrous, appears to have 
lost its solubihty in water , at least it is not aflbeted at first when 
tin own in powder into boiling w^ater, bivt gradually dissolves by con- 
tinued digestion, and passes into the preceding variety — (I’lid Trans 
1833, p. 275) 

When the fused mctap1io''pha(e of soda is slowly cooled, it 
forms a ciystalline mass, as observed by Pleitmann and ITcn- 
iieberg, and gives a crystallizable met,iphosphate of soda (page 
418). 

Dotax, Biboiate of wdn, !NaO 2BOj + IbHO, 1008 8-f90 
or 1260. -f J[125 — This salt is met with in commerce in large hard 
crystals It is found in the water of foitam hikes in Trannsylvania, 
Taftary, China, and Thibet, and is deposited m their beds by spon- 
taneous cv.iporation It is imported from India in a crude state, 
and enveloped in a fatty maltei, undei the name of Ttnka/, and 
afterwards purified But iie.irly the whole bora\ consumed in Eng- 
land IS at present formed by mnitrah/ing, with carbonate of soda, the 
acid from the boracic lagoons of Tuscany The ordinary crystals of 
horax arc prisms of the^ oblique sv'^tem, containing 10 atoms of water, 
of density 1 G92 , but it also crystallizes a^ 133° in regular octohe- 
drons, winch contain only 5 atoms of water 'I’liis salt has a sweetish, 
alkaline taste , for, although containing an excess of acid, it has an 
alkaline reaction, like the bicaibonate of soda, and is soluble in 10 
parts of cold, and 2 parts of boding W'atcr 

The anhydrous salt is very fusible by heat, and forms a glass of 
density 2*367 This glass possesses the property of dissolving most 
metaUic oi^des, the smallest portions of which colour it As the 
metal may often be discovered by the colour, borax is valuable as a 
flux m blow-pipe experiments I’or this purpose a thin platinum 
wire IS generally used, one end of which Fig lea 

is bent into a hook (fig. 162j. The loop ^ 

being slightly moistened, dipped into a 

fine p«wder of anhydrous bor^x, and a minute portion of the metallic 
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oxide vhieh we wish to detenrnne is also taken up on the loop The 
matter is then fused in the dame 
of a candle or epint-lamp directed 
upon it by means of a mouth blow- 
pipe {fig. 1 63 ) Often two dif- 
ferent colourations are obtained 
when the metal has moic than one 
oxide, according as the substance 
IS heated in the reducing or white 
portion of the llamc, which, ’ii the blow-pipc flame, is at h (fig 16 1 ), 
or in the oxidating spheres a a, 
and at the point c, where there 
IS an excess of atmospheric .nr 
To produce the colour of the 
protoxide, w’c expose to the re- 
ducing flame, and to produce 
the colour of tlie peroxide, mc expose to the oxidi/ang flame 

As pieces of metal could not he soldeied together if covered by 
oxide, borax is fused with the soldci upon the surface of the metal'’ 
to be joined, to remove the oxide Borax is also a constituent of tlic 
soft glass, knoMii as lewellcrs’ paste, which is colonrc’d to iiiiitatu 
precious stones But the most consulcrable consumption of this 
salt is 111 the potteries, in tlie forinalion of a gla/.e for porcelain 
A neutral borate ot soda is formed by calcining strongly 1 eq of 
borax with 1 eej of carbonate of soda, when carbonic acid is exjicllpd 
The solution yields a salt belonging to the oliluiue prismatic system, 
of which the formula is, NaO BOj-f 8110 Wlicii heated, it fuses in 
its water of crystalh/.at] 0 Ti, iiiul is expanded into a vcsiculax mass of 
extraordniaiy magnitude by the vaporization nf that water 

When borax is fused with carbonate of soda in excess, the quantity 
of carbonic acid which escapes indicates the formation of a borate, 
3NaO + 2 BO 3 , but which has not been farther examined. Notwith- 
standing this, a solution of borax in water is decomposed, and the 
boracic acid entirely liberated, by a stream of either carbon^p or hydro 
sulphuric acid Silicic acid, however, in its soluble modification, 
has no decomposing action upon a solution of borax. Boracic acid, 
therefore, appears to stand in the scale of acids above silicic, but 
below carboiuc acid. A saturated solution of borax readily dissolves 
a large amount of arscnious acid, formpig a compound remarkable 
for its great solubihty m water. This cbntains, accordmg to« Prof 
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E. Scliwcitzerj arscnite of soda, borate of soda, and a compound 
of araenious and boracic acids, and is probably represented by the 
formula — 

NaO A30j + 2(Na0 2 nO 0 + a(BO 3 2 ASO 3 ) +10IIO 

A salt IS said to exist, formed of NaO + 400,, but to eijstalliAc 
with difllculty, produced on cornbiiniig borax with a quantity of boiacic 
acid equal to what it already contains M. Lament has also slicwn 
that a sexborate of sod.i exists in solution, but is not cr} stallizable * 
The borates of potash have also been examined by Ijaurent The 
sexborate ciystalli/cs ucll, its loiinula is KOGBOj + lOHO. A 
tnborate is represented by KO + 8110 , the biboratc corre- 
sponds m composition witli oetohcdral borax, but has, notwithstand- 
ing, a different and incompatible form 

A simple and very accurate method of analyzing borax is, to add 
an excess of hydiochloiie ntid to a ••olutioii of the salt, and evaporate 
to dryness on the water-bath, adding a fen more di ops of hydrochlonc 
acid towards the end of the operation The mass, when perfectly 
dry, IS re-dissolved 111 watci, a little nitne acid mixed with the solu- 
tion, and the chlorine precipitated by nitrafc of silver, from the 
amount of chloride of silver that of the chlonnc is deduced, and from 
the latter the quantity of soda The alkaline bases of all the othei 
borates in.iy be obtained wholly as cbloiidc by a similar ticatment, 
(Schweitzer, Chcui. Gaz 1850, p 281 ) 

Silicates of \oda — The earth silica, or silicic acid, SiO^ (page 
892), IS dissolved by c.tustic soda, and gives, by slow evaporation, a 
crystallized silicate ot s6da, 8NaO 2SiOj (riitzsclic) A concentrated 
solution of caustic soda at a high tempi r.itnre under piessurc dis- 
solves silica freely even in the foiin of flint or of quarlzy sand, and 
gives a similar silicate, which is used by Mr Jlansomc of Ipswich 
for the induration of plaster and rements, and the formation of arti- 
ficial stone. 

"When silicic acid is tin own into carbonate of potash or soda, in a 
state of fusion by heat, a fusible silicate is formed, ni wdiich, judging 
from the ffbaiitity of carbonic acid expelled, 3 eq of soda are also 
combined with 2 eq .of sibcic acid, and the oxygen in the soda is to 
that in the silicic acid as 1 to 2 This silicate dissolves in the cleai 
and liquid carbonate. When/ on the otkci baud, a greater propor- 

. * Aqd lie Cb et dc Ph livu., ^19 



568 


SODIUM 


tion of mIicic acid is fused with the carbonate, the whole carbonic acid 
of the latter is expelled, and the excess of silicic acid then dissolves 
111 the silicate. The silicic acid and sihcato of such mixtures do not 
separate by cijstalh/alion, but unitonnly solidify together, on fool- 
ing, as a homogeneous glass, whatever their jiropoitious may be It 
IS thus impossible to obtain aLk.ihnc «ihcati'', which arc ccrtainlv 
definile eoinbinations, in the dry wav A mixture of silicic acid with 
potash or soda, in which the oxygen of the ioiiuiT is to that of the 
latter as IS to 1, is said still to be fusible by the heat of a forge, 
but alien the proiiorlion is jis dO to 1, the nnxtuii ineuly aggluti- 
nates, 01 frits These ( oinbin.itioie', even with a large (puntity ot 
silicic acid, continue to be soluble iii water 

A compound, known as soluhh is obtained by fusing 

together S paits of carbonate of soda (oi 10 of carbonate ot poLisli) 
with 15 ot hue sand and 1 of charcoal The object of the charcoal 
is to facilitate the combinatioii of the silicic acid with the alkali, by 
destioyiiig the carbonic acid, which it coiiveits into caibomc oxide 
This ghixs, when reduced to powder, is not attacked by cold watci, 
but is dissolved by 4 or 5 paits of boiling water The solution may 
be applied to objects of wood, and, when dned by a gentle lieat, 
forms a varnish, which imbibes a little inoistnie liom the air, but is 
not decomposed by carbonic acid, iioi otherwise alteiabtc by exposnn 
Studs iinpregriated witli the ‘■olutioii lose niiicli ot their cornbiisti- 
bilily, ami wood is also dcleiided by it, to a ccit.uu degree, trom 
eoinbustion. 
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The alkaline silicates, cooled quukly or slowly, never exhibit <i 
crystalline structure, but arc uiiifoimly vitreous (p 178) They 
are the bases of the ordinaiy varieties ot glass, wliieli contain earthy 
silicates besides, but appear to owe the vitreous cliaracter to tlie 
silicates of potash and soda The silicate of lime, and the silicate of 
the protoxide of iron, crystallize on cooling , so does the silicate of 
lead, unless it contains a large excess of oxide of lead The addition 
of the silicate of jiotash or soda depnves them ontirely of this pro- 
perty, the silicate of alumina considerably diminishes it. But if 
silicates of pot.ish or soda ’are I|p.ited 'lor a long time, the alkali may 
in part escape iii vapour, and if other bases exist m the compound, 
it then often assumes a crystalline structure on cooling. The all^gliiie 
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silicates by tlicmsclves arc soluble in water, and deconjposed by 
acids , the silicate of lime is also dissolved by acids, but the double 
silicalcs, on the contra?y, resist the action of acids, particularly when 
tliej contain an cxecss of silicic acid, and form an available glass The 
folloMing table c\hibits the composition of the best known kinds of 
glass, fiom the analyses of Dumas and of Faraday — 


COMPOSITION OF VAltItTIES OF GLASS 



SiliLir 

acid 

I’ola'fK 

Lime • 

Ot lead 

Muniina 

IVater 

Tlohemian p;Ia<s4 

O') 

12 

•J 

0 

10 

0 

Crown-glass 

(l‘) 

22 

12 

0 

3 

0 

W indow-giosa 

C'J 

11 soda 

13 

0 

7 

0 

liottir-glass 

'll. 

*> 

2'J 

0 ox iron 

0 

0 

Klint-giasa 

45 

12 

0 

13 

0 

0 

Crystal 

fil 

0 

0 ! 

33 

0 

0 

Slrass 

38 

8 

» 

51 

1 

0 

Soluble gl isa 

02 

20 

0 


0 

12 


The analysis, by Mr T llowney, of the superior Bohemian glass, 
which, on account of its difiicult fusibility, is employed for coin- 
bustion-tubcs, gave sikcic acid 73 13, potash 11 49, soda 3 07, lime 
10 43, alumina 0 30, scsquioxidc of iron 0 13, magnesia 0 26, 
protoxide of mangcincsp 0 '16 = 99 27 The oxygen oi the bases is 
to that of the silicic acid as I to 6 The specimen was decomposed 
by fusion with carbonate of soda, tor the earths, and by fusion with 
hydrate of baryta for I he alkalies (Mem Cliem. Soc in 299 ) 
Sthcati' of soda and lime — ^To foim window-glass, 100 parts of 
a ijuartzy sand are taken, with 35 to 40 parts ot chalk, 30 to 35 
parts of carbonate of soda, and 180 parts of broken glass These 
materials are first fritted, or hc..ted so as to cause the expulsion of 
water and caibonic acid, and to produce an agglutmatioii of their 
particles, and afterw'ards completely fused in a large clay crucible of 
a peculiar construction , or fused at once, tlic fritting bemg now 
generally discontmucd For the first formation of the glass a higher 
temperature is required than that at which it is most thick and 
viscid, and m the proper condition for working it At the latter tem- 
perature the substance possesses an extraordinary degree of ductility, 
and may be drawn out into thrlads 59 find as to be scarcely visible 
to the eye A portion of the plastic mass, on the extremity of an 
iron tpbe used as a blow-pipe, may be expanded into a globular 
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flask, an4 pressed or bent into vessels ot form, 'll Inch m.iy be 
pared and fashioned by the scissor^. At a lovi cr tcinperiiture, glass 
vessels become iigid, and, \\hon cold, buttle 411 the extreme, nnless 
they be anneal'd, that is, kept for si'veral hours at a tem[)eratuit‘ 
progressively lowered fiom the highest degree whicli the glass can 
bear without softening to the icmpcralurc of the atmosphere Tliu 
well-know 11 glass tears, or i’lincc llnpeti’s diops, as tliey arc called, 
winch are made by allowing drops of melted ghiss to lall into wnfc'i, 
illustrate the peculiar projicities of unaimealed glass Tlie surfarc 
becoming solid by the su(hlc,»\ cooling, wliiJc the intciior is still at a 
high temperature, and consccpicntl} dilatid, the drop is of greater 
volume than it would be if cooled slowly and etpially tliroughont its 
mass Its particles are thus m a state of extreme teiiston, and an 
injury to any part causes the whole mass to fly to pieces. "I'lie 
ffrictuic of unanne.iled vcssiK, which is the immethaie consequence 
of scratching (hen surface, has been comp.ired to the elfect ujion a 
sheet of cloth forcibly stretched, ol injuring its edge in the smallest 
degree by a knife or scissors It then ceases to ])ieseivc its intcgnty 
by resisting the tension, and is torn across '(’he telalive proportions 
of the ingredients of tins and other spenes of glass is subject to 
some 1 anation. But the oxygon 111 the bases of w indow-glass is to tlie 
oxygen of the silicic arid ucarlj as I to !■ , the conijiosilion .ip]ira.icli- 
ing the formula SlMaO 30.10 + SSiO, 'J'his glass has a. green tint, 
which IS very ohxious in a considerable mass ol it, occasioned lu pait, 
it may be, by the impunties ot the materials, but a ccilain degree of 
winch appears to be essential to a «oda-gl.iss Kor in all the liner 
and entircdy colourless vaneties of glass it is necessary to use potash 
fiiheata oj potash and hrne — Blale-glass used for mirrors, 
crown-glass, and the beautiful Bohemian glass, are of this compo- 
sition In the most remarkable varieties the oxygen of the bases is 
to that of the acid as 1 to 6, and the oxygen of the lime to that of 
the potash in pioportions wdiich vary from 1 and I- to 1 and 1 Its 
composition approaches the formula KOCaO + 4SiOj This is the 

glass of most difllcult fusibility, and thercfoic most suitable for the 
combuction-tubcs employed ui organic analysis From its purity, 
and the abse^icc of oxide of lead, it is also made the basis of most 
coloured glasses, and of stained glass To produce coloured glasses 
certain metallic oxides are* mi\ed wifh the fused glass m the pot , 
oxide of cobalt, for instance, for a blue colour, oxide of copper for 
green, binoxide of manganese in small proportion for an umethy^stme 
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gloss, and in large proportion for n black gla'^s, peroxide of nranium 
for a delicate lomon-ycllovv tint, and gold for o ruby glass In 
blamed gl.iss, on the oilier hand, tlic metal or melallic o\ide is merely 
applied wilh a propc'i flux to flic surface of llie glass, nliidi is then 
exposed in an oven to a temiieraturc siiflicicnt to fuse the colouiiiig 
matter, ■nilhout dislorting the sheet of glass Dillcreiit sliades of 
yellow and orange arc thus produced by means of silver and anti- 
mony, and a superb ruby-ied by a proper, but difficult, ajiplication 
of suboxide of cojipn 'I'lio beautiful avarituniie glass contains 
crystals of met.illic copjier Tlio giecn shade of ordinary gla^s is 
ehielly due to protoxide of iron, and is con er ted by a small addition 
of binoxide of manganese (hciitc railed which raises 

the iron to the stale of sescjuioxide, lu which it is not mjiinous, 
while, at the same time, the buioxide of m.niganesc, by losing oxygen, 
passes into the state of the eoloniles-> protoxide ot that metal 

Siltcata of jio/nsh and lead — These suhslanccs cntei into Ihc 
composition of the purei and nioic bnlliant sjaxies of glass m use in 
this countiy, such as tliat Ccdlid ti^slal, of which most dimkiiig 
vessels are made, llint-ghiss for optical purposes, and sliass, which is 
employed in imit.itions of the precious stones Tor crystal, the ma- 
terials are taken in the follow mg pioportioiis 1 20 parts of line sand, 
about 40 of jiunticd potaslus, Ji'i of liliiaige oi mimnm, and 12 of 
nitre In this glass the oxygen ot the bases is to 1 hat of the silicic acid 
as 1 to d munbei whicli may vaiy Irom 7 to 9, and the oxygen of the 
Iiotash IS to that of the oxide of lead as 1 to a iminbei varying fiom 
1 to 2 5 In ilmt-glass, and in strasb, the oxygen of the bases is to 
that of the silicic acid as 1 to 4, and the oxygen ot tlie jiotasli is to that 
of the oxide of lead ns 2 to 3 m llmt-gLiss, and as 1 to 3 m strass, 
(Dumas) The moic oxide of lead glass contains, the higher its 
density, the density of this knul of glass exeerding 3 G, wlnlc that 
of the Bohemian glass docs not rise higher than 2 4 ftlass con- 
tainiug oxide ot lead is recommended by its greater fu&ibility and 
softness, by which it is more c.ibily t.ishioiicd into vaiions forms, and 
by its gieat brilliancy, whirh is rein.irkablc m lustres and other 
objects of cut glass The jirescnce of lead in glass is at once dis- 
covered by its surface acquiring a metallic lustre wdien heated to 
redness m the reducing flame. ^ K Hamel is a white and veiy fusible 
glass, containing a white opaque sutbtance suspended m its mass 
It is generally prepared from the staniiate of lead, foiraed by heat- 
ing a^d oxidizing together ’15 parts of tin and 100 of lead This is 
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afterward; fused with 60 parts of sand and 40 parts of carbonate of 
potash Besides bino\ido of tin, arscnious acid, oxide of antimony, 
phosphate of lime, and sulphate of potash, 'arc employed to give 
opacity to enamel 

Siiicafcs of aliinnixi, of the o t uie^ of 1 1 ow, mar/ne'^ia, and pota<ih 
0) soda — Green or botllc-gla‘;'«, of i\hieh nmc-boltlcs, caibo}3, am] 
glass articles of low price coiiMst, is .i inivtuie of these silicates It 
IS formed of the rheapcsl materials, such <is siiiid, nith soap-maktis’ 
naste, lime that has been used to render alkali caustic, &c Tn the 
bottle-glass ot this country the small quantity of alkali is cliieHy sod,i 
The alkaline sulphates, n hen fused with silicic acid and carbonaceous 
matter, lose their sulphuiic acid, and become silie.itcs, even common 
salt IS decomposed by tlie united action of silicic acid and the aqueous 
lapour m flame, but much of it is lost fioiii its oun volatility The 
proportion of silicic acid to the bases is much le«s m this than in tlie 
other kinds of glass, the oxygen of the former being to the latter as 
2 to 1 , and the oxygen of the alumina and scs(|niovidc of iron equal 
to that of the potash and lime This glass is, m fact, a. mixture ct 
neutral and subsilicates, and, when it contains an excess of Imic, is 
more apt than any of the preceding species to assume a crystalline 
structure when maintained long in a soft condition by heat 

A bottle of green glass may be dcvitntied, or converted into what 
is called llcanmur's poie<‘laiu, b} cm eloping it in sand, and placing 
it where its temperature is kc'pt high for several weeks, as m a bin k- 
kiln or porcclam-furnacc Glass of .nil kinds, wlien strongly and 
repeatedly heated, loses alkali, from its volatility, the glass then 
becomes hardei and less fusible, and is not so Cfisilj w rought, — ii 
circumstance which may sometimes he rernaiketl m blowing a bulb 
upon a tube which has been too long exposed to the blow'-pipe flame 
Glass of all kinds, when well manufactured, is supposed to be in- 
soluble in water, but it is cventu,dly .icted upon, and soonest when 
its natural surface is broken , w ater tending to resolve glass into a 
soluble alkaline silicate and an insoluble earthy silicate. Glass 
bottles containing a large proportion of lime may be coirodjd through 
by sulphuric acid An excess of alumina also makes glass very 
easily attacked by acids, even by the bitartratc of potash in wine? 
In common with all natural and artiflcial silicates, glass is attacked 
by hydrofluoric acid, with* the*forraation of the volatile fluoride of 
silicon. (See the Treatise on Glass, in Knapp^s Chemical Tech- 
nology, edited by Bonalds and Richardqon, vol ii ) • 
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UlU amai me . — lliis beautiful blue pigment is extracted by me- 
chanical operations from the mineral Lapis lazuli The structure 
of tlic mineral is granular and slightly laminated its constituents 
are, silicic acid 45 40, alumina 31 67, soda 9 09, sulphuric acid 5 89, 
sulphur 0 95, bme 3 52, iron 0 86, chlorine 0 4-2, water 0 12 = 
97 92 Tt was first imitated successfully by M Gmmet in 1827 
The process, aecording to M Debetto, appears to be first the pre- 
paration of a polysulpliidc ol sodium, \xhicli is afterwards calcined 
with prepared clay and protosnlphate ol iron, so as to form sulphide 
of iron 'riic last product in fine ppwdt r is heated in a muillc 
with exposure to air foi scvcial hoai-, wlicn it becomes in succession 
brown, red, green, and blue The excess of sulphide of sodium and 
othci salts IS washed out of the powder, which, dried and washed 
again at a moderate tcinpcTatuie, gives an ultramarine of a magnifi- 
cent blue tint The piocess is an extremely delicate one, and the 
nature of the substance which give-- the bine colour is very obscure. 
A sulphide of sodium is supj^msed to be es'-ential to its composition, 
as the colour is desliO}ed by acids, with evolution of the liydro- 
sulphuiic acid, while the substitution of c.iibonate of potash ior 
carbonate of sod.i gives a eompouud coi responding to ultram.inne, 
but whith is eolouiless (Fclouzc et Fiemy, C'ours dc Chiui. Geii^r. 
11 117) 


SECTION Hi 

« 

LITHIUM 

Eq G 13 Oi 80 37, Li 

lilt, Ilium IS the metallic basis of a rare alkaline oxide, litliia, dis- 
covered 111 1818 byArfwcdsou* The name litliia (from XtGstoc, 
stoiij) was a[iplieil to it, from its having been fiist deiivcU from an 
earthy mineral The metal w.is obtained by Davy by the voltiiic dc- 
coinjiositioii ol htlua, and observed to be white, resembling sodium, 
and to by lughly oxidable 1’hc equivalent of lithium is much 
smaller than that of any oLlici metal, and its oxide has therefore ii 
high saturating power 

Lithia , LiO. — The only known oxide, of lithium is a protoxide. 


* Auu 'dc Cb rt dc Fb x 82 
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Tt exists in small quantities in the minerals spodiimcnc or triplianc, 
petditc, and lejiidolitc, but the mineral cout<uinng lit hia^ which is 
most abundant, is a native phosphate oecunnng at llabeiistciii in 
Havana, and wliicli consists of phosphoiit iieid 13 (51, oxide of iron 
49 16, oxide of manganese 4 75, and lilhia .‘5 15 This mineral is 
dissolved in hydrochloric atid, (he non peioxicli/cd by a little nitric 
acid, the solution diluted wifli water, and tlicn auiniouia addid, 
which precipitates tlie iiisoliible phosphate of sesquioxicte of iron 
The manganese is atlei wards icmovcd hy liydrosulpliunc acid, the 
liquid filtered, evaporated to di 3 ness, .nid the residue calcined to 
volatilize the aminonucal salts, the chloride of hlluum is then taken 
uj) by alcohol 

The hydrate ot litliia resembles liydiatc of jiotasli in causticity, 
but Is less soluble in water, and loses its combi iii'd water at an ele- 
vated temperature Siilphui at h upon it lu the same manner as 
upon potash Its salts aie (olourlc'" 

The chloiide is very soluble iii wain, as well as in absolute al- 
cohol, and iuses at a bigli ti'mp.rdliuc Jt crystallizes in cubes 
containing lUO 

Tile carbonate of lilhia lias a cirtain degree of solubility, and its 
solution has an .ilkalmc icaition, jhojh'iIus upon which the claim of 
lithia to be rankl'd rimong the alkalies, inste.ul id the alk.ihne 
cartlis, IS cluelly rested 'Die iliionde ol bdinim has the sparing 
solubility of the caibiniato 

The sulphate of httiia is soluble, and pi c'seiits itself iiifine crystals, 
which are jicisistcut lu an It toims a doulile ‘'ilt with sulphate ui 
sodi, of which the formula is LiO SO,-|- AviO SOj-t-OllO The 
nitrate and acetate arc both very soluble and dulniuesi cut. 

The neutral jiliospliate ol litlna is slightly soluble in water, but 
considerably more so thiUi the double pbospliate oi litliia and soda, 
whick ri mains as an insoluble powdei when the solution of lithia is 
evaporated to dryness with that of pliosjilialc of soda. Hence phos- 
phate of soda IS used as a test of lithia The salts of btliia arc 
also recognised, when heated on platinum wnc bufoic the blovv-pipc, 
by tinging the llame of a red colour. • 
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MlilAI-LIi; HAbl-Sj OP TIJK ALKAMM'; EARTHS 

«KUT1()N 1 

HARIUM 

A’v (iS (.1. U, 858, 13a 

Barmin, the metallic h.iM'i of the earth baryta, was oblainccl by 
Davy 111 i 80 S, by the \oltaic dccomjiobitioii of moistened carbonate 
of baryta in contact mth imicmv it may likewise be procured by 
parsing potassium in \apoiir mci b.iryta lieatcd to redness m an iron 
tube, and altei wards withdrawing the reduced barium, which tlic 
residue contains, by means ot mcrcuiy TIk' l.ittei metal is sepa- 
rated by dislillatioii iii a glass rctoit, raic being taken not to raise 
llio tcmperatuie to icdiiess, lor the baniiin then decomposes glass 
llariuin is a wliito metal like ‘‘ilvei, liisiblo under a icd heat, denser 
tli.iii oil ol \itiiol. 111 which it links it ('xidutes with vivacity in 
watei, discngagts h^diogen, and is cuimitod into baijta it is 
named hamiin (Itom luavi), lu aUu''ion to the gnat density 

of its eonijiouiids 

lifDijtd, H.iO, 7G*31' rn 95S — This caith exists in several 
minerals, of wiinh the 'most abundantan- sulphate of baryta or heavy- 
spar, and tlic carbonate ol l).ii)ta or witlnrite The eaitliis oblamcd 
111 the aiihvdions condition and pure, by calcining iiitiatc of baiyta, 
at a bright-red heat, in a iioioelom retort, or in a w'ell-covcred cruci- 
ble of poicclain or silver, hut not of ])latiumri Baryl.i is a grey 
powder, of which the density is about 4 V\ hen heated to redness 
in a porcelain tube, and o\) gcii gas ]>assed ovei it, it absorbs that 
gas with avidity, and becomes biiioMdc ot baimm, the compound for 
the prejiiAalioii of which .inhjdrous baryta is chiefly required 
Baryta slakes and f^lls to powder w'lien water is tliiow'ii upon it, 
combining with one eqmv.ilout of water with the evolution of so 
much heat as to become incandescent i 

Hydrate of baryta is a Xiduable reagent Of the diflcrent processes 
for this substance, one of tlifc most convcmeiit is that from the native 
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sulphate Tins is a soft mineral, and easily reduced to an impalp.i'. 
blc powder, Mhich is intimately mixed with onc-ciglitli of its weight of 
coal pounded and sifted, or with oiic-third charcoal-powder and one- 
fourth resin; the mixture is introduced into <i Cornish crucible, and 
exposed iii a furnace to a hiight-rcd heat for an hour. The sulphate 
IS converted by this treatment into sulphide of barium , the last salt 
is dissolved out of the black residuary m.iss by boiling water, aurl 
the solution, which generally has a yellow tint but is sometimes 
colourless, is filtcicd whilo still hot Tlie solution, if strong, may 
crjstallize on cooling, in thin plates As the sulphide absorbs oxy- 
gen fiom the air, and ntuiiftj to tlie state of sulphate of baiyta, it 
must uot be exposed long in open vessels To a boiling solution 
of sulpliidc of biinum in a flask, black oxide of cojipcr from tlie 
nitrate 13 added, m successne small portions, till a drop of the lupiid 
ceases to blacken a solution of lead, and precipitates it entiicly white 
the hr|uid then confaius only hjdrale of baryta in solution It ina\ 
immediately be filtered, with little acce'-s of air, to prevent absoi))- 
tion of carbonic acid The decomposition in tins process, for wliidi 
we are indebted to J)i Mohr of Coblent/,, is rather ctrii|)liccitul 
Six eq of sulphide of baiiiim and 8 c(i of oxide of copper producing 
5 eq of bai}la, 1 eq of Inposulpliite ot bai 3 ta, and *1 cq of sub- 
suljdudc of coppci, of which the fiist only is soluble 

GBdS and 8CuO = 5BdO and BaO SjOj and iCugS. 

Binoxide of manganese may be substituted in tins jiroccss for oxide 
of copper, but generally gives .» solution of l^ar^ta coloured by some 
impurity The reaction ^s then similar 

6BaS and 4-]VliiO^=6BaO and BaO SjOj and 4MnS 

If the solution of sulphide of banum has been concentrated, Ibe 
greater part of the hydrate of baryta separates on cooling m volumi- 
nous and transparent crystals, containing lOTlO 

Hydrate of bary'ta may also be obtained by adding caustic iiotasli 
to a saturated solution of cblonde of barium , hydrate of baryta 
precipitates, and must be rcdissolvcd in boiling water, and orystalh/ed 
by cooling, to purify it. It is soluble m 3 parts of boiling water, and 
in 20 parts of w.iter at G0°. Baryta retains ! eq of w'atcr with 
great force like the fixed ^alkalies ^Tliis combination is fusible a 
little below redness, and runs Itkc an oil, it congeals into a cryslal- 
biic mass, which attracts carbonic acid yeiy slowly from air, and is 
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lliocfon' tlie mo'it favourable roixlilion lit whifli to pieservc liydiatc 
ol b.irylA 

Tlic solution of bni^hi is stion^ly caustic, altbougli bss so tli.iii 
pol.isli Ol - 0 ( 1 , 1 , .111(1 (lis()ru;,inucs oitf line in.ilfeis lapidly , itis poison- 
ous, in coniinoii mill all the soluble piep ii.itioiis of bainirn Cliloime 
(le( oin|)()ses baijt.i in llie s.iiiic m,iTinei as it does tlu alkalies 
Siilpliui IS (lissolv( (I 111 llio soliilioii of bdi> la with the aid of heat, 
aail, .Kcoidiiiir to the li mpei.iliiu, ,i sulphate or h>]) 0 -ii]]jlnlc la 
joimed, ivith the tiisiilphide of baiiinn ol .i ^retii rolom \\ Inni 
111 iited lo ii^diK ss in (lu vajioiii ol plnis^oi us, haiyt.i is converted 
mfo phos])hat(* of Ihir^t.i and plio'-phidt of baiiiini On ilioppiiig 
oil of vitriol upon dr) hinta and iioidia, the c onibin.itioii is 
Slid to produce light wdli the lii^t, hid not with the second 
Hai^ta, wlielhei fiee oi in ronilnii ilion wdh in acid as a soluble 
s.il(, is diacineied hv means of snlpluitie and, uhuh Ihums down 
- iilpli.ilc of bai^t.ij a {ompoiind not di compost d bv, noi soluble in, 
mine and h^dioflilour .nids 

lUiKHuli^dl Ikuiiiiii, llaO^, S I ( 4 n/ lO'jS — This < onipo’Uid 
Is prepared by exposing aiilndious baijia, fioni ihe nitiale, lo pme 
o\)gen .d .a leil lical , oi by hi .ding pun h.irU.i lo Jon lulness in .i 
po.f (’l.uii-ciucinle, and lluii giadn.illv adding diloiale of [lot.ish, in 
lilt piopmlion ol .ihoiit 1 putol tlu Idlu lo 1 of llu loiiuei The 
cldoiide ot ])olas-iinu loinud ,d llie same tniK, is u mined, by toltl 
wait I, fioin the InnoMik ol b.iuiiiu, w Ink Ihe hillci luiites ivitli bllO 
linioxide ol b.uiiim, when decomposed h) ililult acids with piopei 
piec,iuhons, .ilfoids tniioxule ot liydiogeni 

Chlondt of hatunu, IhiCl+illO, lUI II 1 IS IdOl 70-|- 
-ij — A II nrent ot tonsl.ml list, which is obt nned hv dissylvirui 
n.dive c.iihoiiate ot baryta in ,iu.i hydiocblont acid diliiled w'lth 
1 or ii tunes its bulk of w.ilet, oi by neidi.di/iiig siilplinle of b.iriiim 
liy the same .icul It eryst.dli/cs irom a amccidi.xtt'd solnlioii in 
iiat tom -sidl'd tables, bevelled at tli * edges The ciysl.ds contain 
2110, (14 75 jiei cent ol water), which they lose bclow' 212° Tlicy 
are said to be soluble in 4()() p,ir(s of anhydious alcohol 100 parts 
ot water dissolve 43 5 p.iits .at G0°, and 7S parts ,it 222°, which is 
(he boihiig-jioint ot the solution 

Cat boitatc oj bat t/ta , Ha( ) CO 2 , 9S 0 1< at 1233 01 — This salt 
loiisists 111 100 parts of 22 11 ca*i boiiio* aeul, ,iml 77 59 baryta The 
density of the native caibonate is k 331 , it is not attacked by sul 
liliuiic^acid, and retains its t .irbonic .icid at the highest foinpcra- 

2 r • 
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tures The pTceipitainl eaiUnii.ilc m decomposed by siilplmne ucul, 
tmd loses its caiboiiic .icid when calcuied at .iwlnie heat, in tont.iM 
mtli r.irbouaceous in.iltei It is obl.uncd ot {rieatci punty wlun 
precipitated by the caibonati* of aininoiiia, lli.m 1)\ the eaiboiiati ol 
potash Ol stid.i, ]K)itioiis (it iihich aie ajit to j^o down in eoinhinalinn 
■with taibonate nl hanta Mtliont'li reputed .in in'-olulde salt, e.n- 
boii.ile of hanta is sohihlo in 2 500 paits of hoiliiin water, aint m 
4‘300 p.iits ot eold watii It is still moie snhihle in water eonl.iin- 
1111 ^ t.nhonic .u id, ami is higliU poisonous 'I’he pretipil.iled e u- 
lionalt ol bai^ta, 01 , he (ten, the hjdiato of h.ii^ta, is iinploudm 
the aiial 3 sib of siliceous nniieral , eonl.iiiiiinr .m alkali, wliieh aie not 
soluble in an atid 'Phe iniiici.d, in the slate of an nnpalpalili 
]iowdoi. Is intinialiK iiiise'd with |. or 5 linu's its weiiflit ot tin 
In (hate, and esposid in a sdeti cineihli to <i lenl heal, which oeea- 
sions a «i'im-lnsion o( the nii\tnre .nul the deeomposilion of the 
silieatcs, the nuner.il alterwaids dissohing cniiiely in an atiil, willi 
tlic exception ol its sihca 

S,,//, aflmnihi, B.iOSO,, Ilf. fite;; 1 1 58 0 Tills s.,l( 
((insists. 111 loo |i.n(s, (.( 3 } 37 sulphiuic acid and 05 0 5 lunta 
Tlie dciisifi of he.n\-spai, 01 the native sulpliale, \aiu s finin I to 
d 17 Tt oeeiiis in eoiisnle i.ihle rpianlilies in flap .lud ofhci ig 
neous rocks, kinniiig (ilftMi veins of seeui.d (e'ct in thickness, mil 
miles in extent It is niine d hn the purpose ot heing suhslituti'il 
for carhonate of lead, 01 he ins; uiiveel with that snhst.iiiee, win 11 
used at, a pigineait 'When chloiidc of liaiiuni is added to sulpluine 
acid, or to a soluble sidpliate, at flic boiling tenipe ratine, sulphate 
ofbarjt.T, precipitates readih, 111 a dense eijslallii'e ]iow(lcr, wlneli 
may easily be collecleel and washed on a filtei It is coinidetelv m- 
sohible 111 water and dilute atidi, but is soluble 111 eoriceiitrnte d 
and boiling sulpliuiic acid, fiom winch it crjst.illwcs on cooling 
Piecipitatcd sulphate of baiyta is p.irL]allj dceomjiosed 111 a fon- 
ceiitiatcd and boiling solution of caibonate of potash or soda, and 
carbonate of baiyta loiiiied. 

Ni/ra(i‘of/janfta. J5aO NO 5 , 130 tile// 1 G '5 3 01 —Tins salt 
crystallizes m fine tiaiisparcnl odoliedroiis, winch aic anhydrous It 
IS obtained by dissolving caibonate of baryta in nitric acid diluted 
witli 8 or 10 times its weight ot water, or by mixing the acid, also 
in a diluted state, with the sylutioif of sulphide of banum Tt le- 
quires 12 parts of water at 00°, and 3 or T parts of boiling water, 
for solution., it is insoluble in alcolioi. Tlie nitrate of bsiryta is 
employed us a reagent, and also in procuring anhydrous baryta 
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Tlie chlomte and liyposulpliatc of baryta nrr ‘soluble, tlic lodate, 
'siilplnte, byposulpbito and pliosphates of baryta, insoluble salts. 


SECTION II 

s^^lo^Tll*r 

Eq 4J81. 54.S02 Sr 

* 

Stroiitiiiin IS preyiaird in llic same way as barium, wliirh it gicatly 
resembles It is a Ailiite iiutal, deiis(*r tliau oil ot \itriol It 
derives its name from Slioiitiaii, a imiiiii'' village in Argvlediire 
Shontta, SfirouUaH, or Khoiiftfi s , Si O , 51 84 ot tllS 02 — 
The native carbonate of strontia was iiist distinmiislied from c,irbo- 
n ite of bar} la by El Ci aw lord, in 1700, who toneeivcd the idea 
lhat the former mineral might contain a new cailh This (oii)ccturc 

was verified in 1793 , bv Dr Ilope,-^ and much about the smic 
time also by Klapioth The eaith, «troiitia, is to baryta what sod.i 
IS to potasli It occurs m iiatiue as eaihoriate and moie abuiidaiilly 
as sulphntc Strontia in.i} he piepared by a stunig c.il(inntion of 
the iiatnc caibonate in contact with < arbon It is lighter than 
baryta, and has a ta'-te which is Ics" an id and lautslic, but stronger 
IhiiM that of lure Jt is said not to be ))Oisoiious The h}di!ile 
ei}stalli/es with 9110, Imt retains only one equivalent at 212° (Mr 
Smith) This last hydrate enters into fusion at .i very high tempera- 
ture, without losing its conilimed watei The .inhyilioiis eailh, like 
baryta, 's infusible The ciystallizcd hydiate requires 52 paits of 
watei to dissohe it at (10°, but only twice its weight at 212° 

The soluble salts of strontia arc prepared Iroin the caibonate 
They arc prccipiUtcd by i«ulj)hiuic .icidaiid by solnbh sidpliates, but 
not so completely as the salts of baryta, tlic sulphate of stiontia 
liavmg a small degree ol solubility Hence, w hen siilpliatc of soda 
IS added iu,c\cess to .i s,dt ot stiontia, and the pueqntate separated 
by filtiation, so much sulphate of stiontia lomains in solution, that the 
liquid yields a wliite piecipital'’ wnth carbonate of soda (Dr Turner) 
Most of the salts of strontia, wjicn heated on platmnm-wirc before 
the blow-pipe, communicate a red colcAir to the flame Baryta and 

• 

* EJiubusgh Transactions, ir 14 
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sironha ni solution may lie s^iarakd by liydrofluosilicic aciil, wliub 
precipitates baryta, but forms with stronlici a salt vciy soluble in ,i 
sbglit excess of acid Tliposulpliitc of stroatia being sobibli', wlnh 
b\posiilplute of bary'ta is insoluble, these e.iiths inny also be dislni- 
guislied by means ot liyposulplnle of soda. 

lUnoinl) ttf ,\tionlin)n, obtained by Tbennrd ni brilliant tris- 
tallinc scales, on adding bniovidc ot hydiogen to a solution o( 
slrontia Tl contains two 1 1 | of oMi^eii 

(^hJoivh- of shontunu CMs1alli/cs in slnulei prisms, which 
eonlani ‘HIO, and me shtcIiHy deIif|nos(rnt 'I'liis salt is soluble in 
thiee-lourths of its weight of cold water, ,nnl in .ill propoi lions in 
hoilnig water At the (mlinaiy tt iniieiatiiu, it dissolves ni 31- patK 
ot .snhy drolls alcohol, and ni 10 parts o( .iltohol lioilirig In tins 
respect it diflcrs from chloiide of bnimn, wlntli is ni-'ohihle in 
alcohol riilotide ot slionliinn roininnuif .lies to llaine a fine nd 
tint In llic .niludrous condition Ihn chloiide alisoihs ^ if| cd 
nnnnnm.i, and bi comes a while bnlki powc'i 

Cinhunitic of shauiKt (onus the nniiei.il stmultninh , windi 
geiier.dly h.is a fibrous te\lnre, .nid is sonielnius transp,ucri1 .and 
colourless, but gcnierally bns ,i tinge of iillow oi gret n Its dc'iisiU 
v.nies from .'3 i to S 730 Tins s,v]t is snd (o In* solnbh in 
parts of boiling w.itci It is more solubh in watci eont.ninng t u- 
honic acid, and ounis in some iniueial watcis It relanis its 
c.irbonic acid wdien c<ilrined 

Kulji/iafr uf '.iiovtia is known as {eh'shm , .end oernis in regnl.n 
eiysfals of the same form as sulpli.itc ol b.uit.i ffs density is ahoiil 
St's') It is soluble in Iroiii ^OOO (o ini'O ji.nts ol water, and tin 
solution IS sensibly precipitalul by cliloride ofb.niinn Tlie mniti d i- 
found m considerable cpiantity assoc i<it(*cl wilh volcaine snlpluir, .md 
in oilier formations A large deposit ot it e\isls ni llui neiglibom 
hood of itiistol, fioin which it may be obtained in siifllcient (piaiiliiy 
for any apjihcalion in the arts The vaiious compounds of stioniniin 
m.iy be picpared liom the snlpluitc of stronti-i preubcdy in the s>.uue 
manner as thouc of barium bom the sulphate of h.nyta ^ 

Hyposulphite of stumtia is ciyrst{ilh/.ahlej and soluble in 4 jiails 
of cold, and Imparts of boding w'atcr [t* loses 31 pcT cent (>1 
water of cryshdlizatioii between 122° and 140°, without any otkei 
change “ « 

NUtale of strouliu ciyst.ilb/.es at a high temjieralure in rc'gulai^ 
octohedrons, of density 2.H57, which .uc ardiydrous, but it is/?**-"®' 
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rally obtained at a low lemycTature in crystals, winch contain 5110, 
of density 2 113 (Eilhol) The .inhydious salt dissiilves in 6 parts 
ol cold watei, jiiul m l'])art of boilin^ water A drllayniiing mix- 
ture, winch pioducLS <iii intensely reil illiimiii.ition, is foiiried ol 10 
parts of iiiti.itc of tjtroiiti.i, 13 parts of llmveis of sulphur, 5 jiarts 
ol chlorate of ])ot!isli, and 1 paits of sulphide of antimony. 

The salts ot baryta, btumtia, and piotoxule of lead, aie btnctly 
ibomorphous, and gic<itly reseinhle earli othm in solubility and othci 
propel ties llydiulluosilicic acid is cinpIo}t il to separate baryta from 
^tlontla, as it pncijntate-, the loiiiici lyt. not the hitter Neutral 
chromate of potash, which jirecipitates salts ot baryta immediately, 
precipitates only slowly the salts of stiontia In analysis, stronfia is 
g( rurally eslnriatid .is sulphate, but .is the hitter is not cmnpletdy 
msolnhle, an addition ot alcohol is made to the water cmployi fl to 
wasli the jirccipitatc 


SUCTION 111 

CALClliM 

AV/ 20,/// ?50, Ca 

Davy oht.nnoil evidenec of the oMstonec of this metal, and of its 
•nialogy to the preceding metals It is the basis ol lime The ii.mie 
ajiplied to it Is chined Aoiii ealx 

Linu , C.iO, 2S, 3.")() — Uncoinhined lime, or qiiieklime, as 

it is teimecl in the ails, l^ oblaniod by he.iliiig masses of limestone 
(carbonate of limi) to icdncs in an opin ilic, or hine-kihi The 
escape ot I lie cai home acid is j noiiied by the presence of acpieons 
vapour and the g.ises of tlie tire, into winch that gas ran dilliisc 
(page 225) Tn a covered eincible, e.irbonatc ol lime may be fused 
by heat without decomposition The lime, projicrly burnt, remains 
111 porous masses, winch may bo easily sejwirated troni the ashes of 
the fuel, and are sullidi'iitly hard to he liaiisportcd from place to 
place without falling' to pieces Allhongli these masses appear 
light, the density of lime is not less than 2 3, oi eicn 3 08, ac- 
cording to lioycr and Duni.vs Walw thiuwn upon them, is first 
nnhibed, and aftciwauls combines with the liini’, wliicli f.ills to 
powditf in the state of liyiliate,iaiul is then said to be slaked In this 
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combninliou the tnnpcrature may rise lo 572“, (.500° C ), or snllt. 
ciently high to char aood from its affinity for water, quick- 
lime 13 ajiplied to (lepiivc rcitam lupuds, Such as alcohol, of the 
water they contain To obtain pure lime, the crystdllizcd carbonate 
should be calcined, such as calcareous spar, or Carrara marble 
Lime, 111 common with other infusible earths, phosiihorcsces strongly 
ulicii heated to full redness 

Tlic only hjdrate of lime known contains 1 cq of water, wliich il 
loses at a low-red heat It is sparingly snluble iii ivuter, but nion 
soluble in cold tlian in hok \\atci According lo l).ilton, lime-w.ilei 
formed at C0“, 130°, and 212°, contains 1 giaiu of lime in 77'', 
{>72, and 1270 grams of wafer IIc/icc watci satnialed m the cold 
deposits liidratc of lime when boiled By cvaiiorating the solution 
m vacuo, G a} -Lussac obtained the same hydiate of hmc in small 
transpaicnt crystals of the liex.dicdial lorm The milL oi oram ol 
lime is merely the hydrate dillusi'd tin ongh water In prcpaiiiig 
lunc-wafei, 3 or I ounces of slaked lime aie agitated scveial times, 
duiingtwo ortlucc liours, withlwoquaits ot distilled watei, and then 
allowed to settle The liine-watei tiis( diawii oil gemially contains 
a little potash, and should not thcidoiehe eonsitleied jmie Liuu- 
water has a liaish acrid fasti, is alkaline, and, to a ccitain csteiil, 
caustic. It pt< cipltatcs caihoiiK, 'ihcic, hoi.icu, and phosphoric 
acids ft mil solutions ol then akahne salts Tt dissolves oxide of lead 
Lime-water absorbs (aihomc acid rapidU lioin the an, and hecuines 
covered by a pelliele ot caibonate ol lime llydiale of hiuc has tin 
same propel tv, ahsoibing about hall au eqinialeiit of caihonic acid 
with .avidity, but not acquiring quite so much as tlir.'c-fouiths ul an 
equivalent by two or three weeks’ expusuie to an atmospheie of tlu 
gas Tuclis obsoiied, that when hydrate of liiiic is exposed to air, 
it absorbs only half an equivalent of carbonic acid, and that a deliiiile 
com])ound of hydrate and carhoiuitc wa.s luimed In the auliydrons 
condition, lime exhibits no affinity for caiboiiic acid 

Lime is characten/ed by allordiug a bulky piccipitatc of sulphate 
of lime, when sulphuric acid is added to its soluble salts But as 
the sulphate of limo has a certain degree ol solubility, this precipit.de 
does not appear in very dilute solutions of these salts, nor in hine- 
watcr, a property by which lime may be distariguislied from baryta 
and strontia. Sulphate ol huie may also, when precipitated, be u'- 
dissolved by the addition of iiitiic acid Lime is entirely precipitateil 
from neutral solutions by oxalate of ammonia, the oxalate oi hnic 
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boiiig u>»i]>lct( ly iitsoliiblt In flic ((iiantibtfivc CMfitnafKin of tins 
carlli, it lb tliuctorc generally tluon 11 ilown as .ind allonvards 

obtainccl as caiboiiato *ot Iitiip, by bcalmg Iho oxdl.ile lUMily to 
tubicss 111 .1 [ibitjinim-ciiiciblc, in winch a small ft.igmcnt ol i.itbo- 
iiatc of ammonia is ih&''i])ali‘{l at the b.imc time, to picieiit any bine 
becoming caustic by loss ol caibonic acnl 

Imne is aiijihctl lo a \aiiety o( ustJiil iiui poses in ordin.iry life 
and in tlie .irts, oi mIiicIi the iiio'-t iin]K)ilaiit arc its djiphcations as 
,i inanuie for land, and as mortar In (he lust ajiphcation, bmc 
appi.ns to bi chictly n-'cfiil, ( 1 ) in pioiiy>(,ing llie oxiilatioii and dc- 
loinpositum ol the insoluble oiginic malleis which the sod contains, 
and tliLieby rciideiing llicm capable olsublaimng vegetable life, ( 2 ) 
111 decompoMiig clay anil lendeiing its potash soluble, and ( 3 ; in 
rostoiing to the sod the ralcaiooiis elLinoid which is animal ly reinoved 
III Ihe < rop In the loimalion ol nioilai, the Indralc ol lime is 
mixed with 2 ]).irls id loaisi, oi .> pails ol Inn sand, ,iiul made into 
a paste W'lth w.ilei In budding .i slime is laid upon a bid ol this 
paste, w'ln^h it (omiuesMs by its wimlil, imbibing moi->tmc also 
lioiu theinoitai, whicli cst ipis pnunjiall) tliioiigli the poions stoin 
On diyiug, the moilai binds tlu sioiu'. between wliicli it is mtei- 
posed, and its own jiaitulcs colnie so as to bum a bard mas>, solely 
by (be attraction o( aggiegition, loi no i Iiemical cuinbiiiatioii tabes 
place between Ibe lime and 'and, and the stoms are snnply muled 
as two puces ol wood aic by glue The s.ind is nselul in lendeiiiig 
in'igiidicaiit liy its mass the coiiti.utum ol tlie luoilai on ilijiitg, and 
.ilso, liom the laige 'i/e ol its giaiiis, ni leiuleiiiig tlie diy moitai less 
short and liialde Tlienioitai i-^ snbjtd to an idteiioi (li.inge, trom 
the slow ibsoiplioii ol caiboiiK a<i<l, Imt p\eii in tlic olde't morlai 
the coinei'ioii ol the lijdiab oi Imie into caibonate is ne\ci com- 
plcle The lime wbub is c died y«/ slakes iasil>, and witbcoii- 
sideiable mcicase of volunu , /rti// ui pooi lime slakes im pi ib ctly, 
owing licipiently to llie piiseme ol inagmsia in a jioi poitiou ex- 
ceeding 10 Ol 12 pel tent , the latlci earlb having .i ( ouipaiatively 
leelde albnity loi watei Idagnesiau linic is al'O guieially loiisuleied 
picjudici.il in agiienltiiie, owing, it is supposed, to the magnesia long 
lemaimiig causlie in *1110 soil 

Some limestones, coiiLuiiiiig about 20 pci cent ol tbiy oi silii ale ol 
alumina, alloid limewlntb possesses * \al!iable piopenly, llnitol Imin- 
ing with water amass w'bicli becomes solid in a tew niiniilts, and theie- 
fore Jiardeiis in st nu tines A'o\cied by water An excillciit liMlianlu 
inoilai of this kind is obtained lioin eoiicielioiiaiy tiia'Si.' lomnl in 
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iriiiih*, mul also as isolated blocks in the bed of Ihc Thames I’ius 
lime benif' burnt, gioiiiul, iiiul sifted, when mi\cd wiLli water to lorin 
a pnsle, sets as quickly as Pans plaster, its solidity increases will) 
the tune it has been subiueiged, and it ends by acquiring the haid- 
ness ol limestone Sand is added to it when it is used as coinmou 
mortal, or in eoveinig liinldiugs to imitate stone Trom the miiiuiii 
division of the piIk k a< id and alumina in this morlai, then coinlnnalioii 
with lime IS more liki'lv to oeeiii than in oidinaiy moiliU Still (lie 
first stllnig of liidiaulic inoidar stems to be dm simjily to t!ie fixation 
of watei, and foiinalion ol^i stdul liydialt like gipsiim llydianli( 
mortal is somelnnes m.idt by mixing logellur flay rind elialk, ami 
calcining the niixl me, or inoie In (|iiciilly adding to liydialc ol 
hinr jniy/olano giound to fine jiowdei Tiie ladn is a sjIk 
substance ol \okanic oiigin, fomjioscd jmucipally ol pmrnci, ol 
which a sliatnni is (\ca\ated in llu iiciirhhouihood ol Naphs '['Ik 
inoitar iiluth it ni.ikt's with lime lias ohl.imcd llic u.iiiH ol Koinaii 
teincnt 

The Indi.ite ot liin<iii<h of kiIiiiiiii iiiotqntales on iiijdiiig liim 
wain, diop bv diop, to a solution of binoxide ol hydiogeii It con- 
tains, afcoiding to 'Ihciind, ‘Z i([ ot ox\gen 

The pn tii\ii/iifiii(, of nthunu is jiroc iiied In dcfomiiosnig sul- 
jihalc ol Inne, at a ml heal. In Indio'ten oi chaKo.il \\luii iiiwl\ 
picpared, it plios|)hoi< s( cs ui the daik It is only vciy spaiiiinlv 
sohdilt 111 w.ilcr, lint it is di eonqiosed by hoiling w ilei, iiccoultiig lo 
M II Host, into ln(lio>ulphalo of sulphulc of cah iinn, wliicli n 
solulile, and Indiiile ol hnic Sulphide of tahiiiin, whin moistciRtl 
with water, is nailily ili composed by a sliciiii ol cai rionic .icid g is, 
with the fnolution of hydiosulphiiiic acid 

(CaS no 'uid C03=Ca() CO2 + IIS ) 

AVhen hydiale ol lunc is boiled with sutplmi and watci, .in I 
tlie liquor allowed to cool before it is completely siilui.ited with 
siilpliur, yellow cryst.ils scpai.iie fiom it, wlinh .uc .1 
nf cnhimv, combiiied willi lillt), accoiiling to the obseryalums ol 
Jlerschol \\ lien lime, or piotosnlplude ol (alcmm, is boiled with 
excess of sulphni, it dissoUcs sulphur till a pviihisif/pliiilc of (ol 
cium IS foimed, which lesembles in propcilies the coi responding 
degree of sulphiiiation of pot.isf^iiim 

Vh(>sphnh of ffi/f ///w/ — Small fi ligaments of i|iiicklime being 

hc.iLid to ledncss by .1 spu il-l.uiip, 111 a small mattiass witli a»loiig 
uetk, liiid fragiueuts ol pho-*phoius diopped into the same vessel, ^ 
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mixture ohlaiiicd nl |)lio9])hatc ot lime and jiliosplnde of c.ilciinn 
The eoinpouiid Ihh a diocolate-browu coloui AVheii tlie teinpi'ui- 
i ure IS ViiiM d loo Mie udnntics tli.iiit'c, and jiliosplioriis 
in v.ipour, notliiiig bill lime rejnuiiia Accoidnig to JVl I* 'llien.iid, 
111 the re.ietion which gives pho'phidcof calcium, 7 cq ol iiliosjihoiiis 
.icl upon 14 ei[ ol bine 

14 CaO and 7P= 2(20.10 T’O^) and riOa^l’. 

The pliosphide, thcK loit, coidaiiis 2 eq of eidciutn to 1 eq ol 
lihosplioius, ,iiid IS ainlogoiis Jo Ihe li(|ii|d hydiidi of pliosjilioiiis 
J^JIa AVhen tlnown inlo wafer, it is iimni'di.iiely transloiined inlo 
lh(' hydndc of phosphoni'! leleiied to, winch is spontaneously infl.un- 
iiiable, and liypopluispliite of limi, which is dissolved 

('hlot nh‘ o/ ininitm . CaCl , 55 50 ot 093 75 — Obtained by 
iicuti allying liydiochlonc acid with Crtihonatc of lime, or as .a n‘«idiic 
in several processes, a com cuti.ited solution atlords (rystals in huge 
stnalid lour-sid(d prisms, wlmh (onlain 0 iq ol watei Dncd with 
sliinng, iibqvo 212", it alloids a (ryshdlinc powdei, containing 2 e(| 
ol wateij which jnodiiccs an intensi degiet ol cold when iiuvid with 
snow (p 4(5 ) The same liydiatc w.is pioduced on diMiig the crys- 
trds in vacuo ovoi suljihnnc acid for ten dais The ciystals are 
solubh 111 o]ie-filt('eii(h ot then weight of water at 60°, and exceed- 
ingly deliquosceiil 'I'he salt is made aidijdious by licit, and uiidei- 
gocs the Igneous fusion .it .x led heat The liquid chloiidc is jioiiicd 
upon a sl.d), .lud tlic transpiucnt c.xkc ot solid salt immediately 
biuken into ])iecc'5, .iiid picseivcd in a stojipcrcd liotllc It is inncli 
(irifiloycd, fioni its gu.at nUinily foi watei, to (liy gases and absorli 
nioisluic Chloiidc ot calnuin .Jways acquires by tusion a slight 
hilt sensibly alk.ilinc 1 C ictioii Iroin paitial decomposition, on wliicli 
iccouiiL Liebig prefers the salt strongly dncd, but not fused, as tlie 
hygromctric agent in organic analysis Ignited with the sulphates 
ot baiyla and stionlia, eliloiule ot calcmiti gives use to sulphate of 
lime and the chloiides ot baiiuin and stioiitiuin Ten parts of an- 
liydroub .ilcohol dissolve 7 paits of chloride of calciiiiii, at the boiling- 
point, and the solution, in cold wcMthci, allbrds crystals m rectangu- 
lar scales, which are an aleoholatc, containing 2 cq of .ilcohol, instead 
of water of crystalliz.ition , CaCl + 2C4He02. Anhydrous chloiidc 
ol calcium likewise absorbs 4 cqmvaUmts* of ainmoniac.d gas, .ind 
lorms a bulky white powdci, CaCl -I- 4^fHj, from which the .ininiouia 
may be easily expelled agaiic heat 
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A solution ol cliloiulo of culcium, when boiled with liydnilc ol 
bine, dissolves th.ii substance, .tud the solution HIUtoI hot, del)os 1 t^ 
dll o 1 u /iluruff' of ( uU n/iit, .‘iCaO («iCI + 1 5il O, iii long Hat and tluii 
crystals Tin; salt is decmn|)osod by walei and alcohol 

A compound of chloiide of calcinin with o^alalc of hmt’ con- 
taining water of cnstalli/.ition, is obtained in good crjstals, wlinli 
arc jiirsistcnt in nn, bv dissolnng ov.il.ile ol Inne to satiiratioii m 
hot li>dio(hloiic acid, and allowing the solution to cool It consist 
of 1 cq of each salt, with 7 eq of watei (Kalalc of lime is known to 
coiiihinc with 2 eq of walcr^ ol winch 1 iq npjiears to remain in tins 
double salt, while the otliei is lejilacid b) cbloiule of calcinin CiUi^- 
ing its 6 cq of watei of crjslalh/at ion along with it , OaOCaOjq- 
(JIO CaCl) +011O A sniiilai iiqilattineni is observed in the loiiria- 
tion of (piadiovalalc of potasb (p 1051) Tins salt becomes ■lu- 
ll} droiis without decomposition at 2(it)° (130° () ) it is decoiu- 
jjosed by pmc water 

yiuotidc of talctmn, h'liivi-sjHn , Cat’, 38 70 ot 183.80 — 
This salt is peculi.uly a constituent of mnu'ial vi'ms,^,uid otcuis 
massive, 01 in tiaiisparcnt cr>stals winch aic < iibes oi octolicdrons, 
und IS often ot beautiful colouis, gem lally gieen or purple ll is 
cut into ornamental foiiiis, and is believed to be tin* substanci- of 
wlncli the lasa tnunina of the lloiiiaiis wen composed In niuiuti 
quantity lluonde of calcium is very gciieially dillused, being loinul 
in the caithy deposit Irom sca-watcr when boiled (11. ^Vllsoll) l( 
forms a few tliousaiuKhs ol the eaitli ot bones, ami .i sumewli.iL laigi i 
proportion of the enamel of the teeth in fossil hones the jiiopoition 
of lluonde of caleuini is eonsideiably gteatei (J AI ildlelon, Mem 
Chem fSuc 11 13 J) It is dissolved to a sni.ill e\teul by water con- 
taining caibonie acid, like the other insoluble sails of lunc, its 
density varies from 3.14 to 3 17. MTieu heated gently, on a plate 
of metal, it becomes Inimnous m the dark foi a short lime, tin 
jihospliorcsc cut jiropcrty may be leslorcd by jiassing elcetiie sjiarks 
through the eiystal (UrifUlhs) t'luorido of CtJcmni is obtained in a 
granuldi condition, wlieii hydrofluoric acid is iicutiah/cd by freshly 
precqiitatcd caiboiiatc of lime But when a neutral salt of lime is 
mixed with a soluble lluonde, the fluoiide of ealeiuin appears as <i 
translucent gilatinous in.iss This lluonde, whelhcr artifieitd or 
natural, IS not decomposed by sulphuric acid at alow teraper.il me, 
but imbibes that acid, and forms a thick lopy liquid At K'k' 
'10° C ), tins mixture begins to decompose, and emits hydioflnoiic 
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acid Fliiondc of talciuni ipsists the action of a solulion of hydrate 
of potash, blit IS easily ihcomposed in tlic dry way by fusion mth 
carbonate of potasli, aiiU fluoiidc of pot.issmm is formed 


SILTS Ol LIML 

('(tihoiKilf uf }im)‘ , C.iO CO^, 50, 025 — Tins is one of tlu 

most abiuidiintly dilliM'd salts in iiatuie, loiimny the basis ot limo- 
sloncs, marbles, marles, toi.il-reefs, sheljs^i.c ft is .mbydrous, and 
occurs in two incompatible tryslalbne foiiiio, the rbomboidal eryslal 
of Jceland spar and cale-spai, wbieh, wilb its luimiTous modifications, 
IS mneh tlio most .ibund.int, and tbi siK-sided piisrn of arrasioinle, 
ihomorpbous willi carbonate of -irontia, wliicli last may bo learlily 
Kcognwcd by lalbiii; to powder wben lioateil The grains ot Ibis 
pow'der have the foim ot calc -spar 'L'bc density of carbonate of lime 
m (bese two toinis is sensildy ddlereut, Ibal of cale-spar being 2 719, 
and of an \gomto 2 919 (Cl Itose) C'ailionatc of lunc consists ot 
511 lime and 11 caiboinc acid in 190 ]>aits 

Carbonate of June may also be obtained in the si ate of aliyclr-ile by 
beating togeibci vc ly slightly 1 part of bydiate of lime, 3 parts of sugar, 
and 0 paits of w<dei, (ilteniig the 'olution, and leaving it exposed in a 
sli.dlovv vessel In twcnty-loui hours ciyslals ap\)eai upon the surlace 
ol the lifpiul, and in fiflcoi days the wboJi lime is geueially coimitcd 
into hydrated caiboiiate^ in Ibe toiin ol sbar]) I raiisparenl rbombs> Tlic 
carbonic acid is absoilv'd fioin the aliiiosplure These crystals con- 
lam 5 e<j ol w<dei , by boilntg llieia in aidiydious alcoliol, a second 
dehmto by dr.ile is obtaiiicdtuntaimiig3cc| olwatei,as asrcrtaincd by 
Pclouzc The lust of Ibcsc bvebates lias al'O been loimd native in a 
running sti earn, by Scliceici The two liydiates of carbonate of linic 
correspond in coiiijiositiou vviUitwo cryst.ilbiic liydiates ot carbonate 
of magnesia 

Carbonate ot lime is considered an insoluble salt, althongb, ac- 
cording tc^ J'^rescnnis, one part of caibonale oi Jiino dissolves in 8834 
parts of boiling water, and in 19001 parts of water at ordinary tem- 
peratures the solufioii IS sensibly alkalmo to test paper Wben 
recently precipitated, carbonate of lunc is iniicb more soluble lu salts 
of ammonia the solution of caiboiinte of lime in liydiochloiate ot 
■immoiua in excess is eompl 9 tcly resolved by spoulaiiooiis ovapor.ilion 
into Tibloride of calcium and caibouate ol ammonia, winch escapes 
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Sc.i- water a|ip('ai^ to he c“>«'ii(u]ly nlkiiliiic from tli<! presence of 
Ctii boiiiite of liiiu', u cm 11 instant e calculated, tlierdorc, to pievcnt 
tliu iiccuinulatioii in llu s(.a o( aninunua in flic fuiin of fixed salU, 
and to cause llie lestoialion ot that base fo the niniosjilieie Cai- 
boimte ul Iiine is soluble ni wain contiiining caibotiic acid, and is 
geneially picsciil in tlie water of wtllsj and in some nnneiul ivatus 
to a consideiabli' oxtent It is dejiosiUd fioni tlie lallci, wlien ex- 
posed to air in a giadn.d maiuiti aiul in possession of ii ciyst.iHuK 
stintline, lonmng st.il.ietitfs and stalagmite-* in mountain cavciiis, 
ami c.dtauous petMlii atioiis, wInn it flows over wood and uthci 
oiganic ami dcsliuctible inatlds, ol wlmli it preserves the tonn 
Winn a cnirent of t ailioim-aeid gas is passed thioiigli liiuc-watLi, 
the guatci portion, but not the whole, ol the caibonate ot bine fiis(, 
piecipit.iled is ic-dis'ob ( d liv the excess of eaibonic and Tins 
solution yields on cxapoiation the anindiims caibon.ite, and no n_\s. 
lallinc bicaibonali of lime li.is been obtained C'aibonate of bine 
is decomposed witli ( lieu es< nice bj amis At a iid lieat it jiails 
with Ccubouit .leid, and u comeittd into (initkliine in tjie inamni 
alioady distubed 

A ciKstallmo miinral was (liseo\eied by BonssingaiilL at Meiiila in 
Vimiica, whicli he asnilaiind fo hi- a doiibh' c.nboijiitr of soda and 
lime, with ’) ((] ot water, .md named , in honour ol Ga\- 

Ijussac It ma\ lie made anhydioiis by lieat, aiul its twosilfs ne 
tin 11 s( paiati d b} w atei 

The haidiitss of well- and incr-watcv, so l.ii .is it is due to tai- 
bon.ile ot hiiic 111 sohilion, nu\ be uuimeil by a jnopei addition ol 
liiiR-watti, the Iku caiboinc ami bemmimr (.nbon.i't’ ol lime, and 
pi ( tijiUating together wit li the poition ol laiboiiati ol bine toiun ily 
held in solution , colouiiiig and other oiganic maltci is tamed down 
at the same tune * Tins elegant pint css has been found to art 
satisfactorily on a l.irm' sede The proportion of carbonate of lini'', 
wlieic it is the only alkaline siibstautc in solution, may be deter- 
miiud with great actuiaty by iiculrab/ang 87 .'j 0 giaiiis of the yyatei 
(oiu innl), by lucaiis of a tioimal acid solution coiitaming 0 t562 iici 
cent of bjdiotbloric acid (this is 319 37 grs of HCl iii one gallon, 

* Proftssor Claik lltiii rUjry of Patint Inveiilioti'*, Oftober 18H , a pamplilfl 
ciilillLil “A Nrw J’lotoss for I’lirifjing 'Watori itii])|ili(<l lu the Aletropolis,” publislu-il 
by R Olid J K T.ijlor, and “ On IIil bfy ujiiii iliiiii of Watrr for its Ifonlntaa," Plnriiw 
CLulli.il Jiiiirii.i), VI ’iJCi 'I'liL iiiati uiiii Ills and ltat,lii|iiidt> U(|iiliLd in tlie L\<iiiiiii.dKa‘ 
ol vy.ilua by Pjof ( Juik’a jiicUtod tuuy be. obUintd at Mi (iiiiha'a, lu llaLtr-alitirf 
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(u 70000 grs of water, or as mncli .icid as ncutrahAc one 

ounce or 4!37 5 grs of ciirbonatcol litnc) Thistcst-acid is prepared 
by iiiCiins of pure caib(Jiiatc of soda, as m the process of alkaliiuetry 
(page 517), or fiotii the aiudy'-is of tlie dilute acid by iiilraie of 
silver The ine.isiiied (piaiilily ol w.itei is placed iii an evapoi.itiiiu 
basin, and being found alkaline by delicate led liliniis-papi r, the 
normal acid is added from (he small buictle((ig Kih) 
grafliiatid info teii-gr.nn meisnri's, eicli oi uhuli is 
snhduidi d iiitofive,1ill the point of neutiab/atioii is 
uacind, tlic Inpiid h< iiitr lu.ilrd towaidsflif end of 
ibe opeialion A sini!| poitioii ol yo oi 10 giaiiia 
of the \iat(i is liaii'-lenid to a small conical wiiie- 
iclassj ,inil (lu It 'I'liajx r kit in it ioi scxei.d iiiiiuites, 
to ohlaiii the iiidualum ol alkalinity To -avc time, a 
s( 111 s ol si\ oHh( s( Mini gla'''t s is coiiM nil ally Liii- 
pknod, eadi oonta'iiing a s.nnpli ol the natei altei 
sii((('ssi\( addilmnsol 111 > lisl-.uul Each ten-graiii 
iiUMsuii ol llicafid 11 ipiiH linduatis I gum of eai- 
hon.ili oflinu in I g.dlonol tin wait i,oi 0 1)0001 ld8(> 
pel eeiit ol raibonale oi lime lE surli means a 
iiiiniifi ly ac f m it( tkteimiinlion ol alkalinity may 
be obtained , one-liiinilu dtli ot a ur un of caibon ilt 
o( lime 111 a pint ol watei is thus ob'cned (L'lol (’laik ) 

Siilplitili’ III him , , C.iO ROj + 'J lit ) , li8-FlS(y/ S50 + 

225 — Tills salt ])ie< ipilatcs as a bulky and pon del, \ilieii 

siilpliiii 1C acid IS added !o a soluble sail of lime hnljiliate ol linn 
appeals to lia\e iieaily the same digiie ol solulnlilc it all tciipieia- 
tnies, and legiiiies KtO pnits ot natei loi Milulion, aecoidmg to 
Ikichol/, 01 yyO parts ol cold, and 3SS pails ol boiling walu, ac- 
eoiding to Guse It occiub in natme in nell-loimed eiybtals, and 
also in laigc ciystallinc inassis, foimiiig beds ol ircpsum, a miiieial 
which contains 2 eq ot \\ aiei, and of w inch the density ib Z 322 (Roy c i 
and Dnmas) I’lof .loliiibloii likewibc oblaiiied ''inall piismalii crys- 
lals of sulphate of lime, deiiosited in ii bte.iiii-hoilei, nliich contain 
only half ifn ecpiivalent ol water 2(C‘aO SO,) + 110 Sulphate of 
lime occurs m a crystalline loiin, without watci, foiiiiiiig the nnner.il 
unhijdntc, q{ winch the deiibity is about 2 90 Snlphato of Iimc 
(uses at a strong-ied heat, witliout ijc eohiposition, and on cooling 
assumes the crystalline foiiii of the last mineral To loiin jilastci ol 
Taris,^gypsutn, in pieces nhput the size of <i pigeon's egij, is lic.iled 
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in an ovon till it, nearly anliydroii^, and then reduced to powdpi 
When tins is made into a jiasfe with a little water, it forms a liuid 
coherent mass, oi sets, m a ininute or two, with a slight evolu- 
tion of heat This artiticiid hydrate, or utticco, has the same com- 
position ns native gypsum If sulphate of hinc has been heated 
above 300°, in drvmg, it icfuses to set afterwards when mixed with 
water 

The powder ol hydiated g)psiim solidities aho when mixed with .i 
solution of potasli, or various salts of potash, such as the carbonate, 
bicarbonate (iii this e<ise with violent ell'crvesceiice), sulphate, and 
silicate, but not with the chlorate or inflate of potash, noi with any 
salt of soda Double salts aie probably formed, as it is tlic alkahno 
salts only which are capable ot forming double salts, and aic eon- 
sidcied bihasic bvM Gdhaidt, that jiosscss the rrmark.ihlc piopcity 
in question (Emmet, A'ew Ediiih Plul Joiini w fiO) 

Hi/posttlplnle oj hme is loimed hv liaiismittmg sulpliuroiis arid 
tlirough sidphide ot caluum, siispi tided in watei, till Die solution is 
neutral and colourless Tin solution is dcromposid when lieated 
above 110° (00° C ) into sul]»hur and sii]])hilo of lime If evapo- 
rated below tluit tempeiatuie, it yields ],ngc hevagmi.il ])risms ol 
hyjiosuljdutc ol bine, on coohiis, which aie coloniliss They coii- 
taiii 5 cq of water, and <uc peisi'-tcut in an '^I’lie smie salt may hi 
obtained veiy economical^ by exjiosiiig to an the waste -lime of the 
dry -lime ga^ puntieis 

'Sit}ate of ttmp is a higlilv delu|Hesccnt vS,dt, wliioh ciystallMcs 
with G eq ofwatci, like the nitrates of tlie 'magnesian class. It is 
soluble in alcohol 

P/wsj)/iat('<t of liiitf, — Oil adding chloiide of calcium to the Irihasu 
subphosphate of soda, a corresponding phosphate of lime piecijntritis 
m bulky gelatinous Hakes, of which the formula is tif’tiO I’Oj 
phosphate occurs in nature in coiidmiatioii with Ihioriileof caleiiim in 
the form of hexagonal pnsms, in the minerals npohtp nnAmoioxilc 
The formula of apatite is CaE + 3 ( 3CkiO EOg) The native phosphat es 
of lead occur in the same form, with ehloride of Itsid iii the place of 
lluonde of calcimn Unhjphan is the same inmeial, m winch a 
portion of phosphonc acid is leplaced by arfacinc acid 

Another tribasic phosphate of lime is obtained on adding the 
solution of common phosphate, of sotta, drop by drop, to clilonde 
of calcium. Tins precipitate is slightly crystalline Its formula, 
exclusive of its water of crystallization/ ys IIO 2CaO POg .^gam, ’ 



iivvoriiLoniTP oi limf 


59] 


M'lirn H so-lntion of pho'spliate of simmotiia, 'aipcrsaturatofl with 
aminouia, is treated with a solution of chloride of oalchiin, till 
about one-half of the* pho!^phouc acid is precipitated, the preci- 
pitate contains 51 2G3 pei cent of lime, and coircsponds to the 
foiinula SCaO SrOg (lier/elins) A biphosphatc of lime is also 
described by Uers'cliiis, obtained on evaporating a solution of any of 
the preceding salts m nitric acid to the point of cr3staIb/atioii, of 
\ibicb the probalilc formula is 2110 CnO POr, There also e\ist a 
pyropbosplialc and met qiliospbatc of lime The insoluble phos- 
phates of lime are soluble in w.iter eontnnniig t.iibomc acid It is 
jiossibly in tins rriabnei that phosjdiate* of Iniic is dissolved by the 
alkaline animal Hinds 

Ht/po' hloi iti‘ of liin/\ diJonili of hint , lUcachtiif/ ptnt tier — 
Tills compound, icinaikabb' foi its xaliiable a])pli( ations in the aits, 
is generally prcjiarcd bv e\]>osjii£* b^fbate of bme, from the purest 
lime, to ebloniK -gas, the laltti bnii' sunplud --o giadiially as to 
))i event the heat, oeeasioned b^ ilu cominuahoii, Irom riMiig abo\c 
62° Clilomie is not absoibcd by (|uickli'nr, nor bj the caibonalc 
of lirnc \t^lien dnod at 212°, Indiale oi lime, 1 (nid, absoibs after- 
H aids little or no (Idoinie, lint diied o\ei sulpluuic atid, wilboufc 
heat, it IS, on tlic coiiltai), in the mo'-t f.uouiablc condition foi 
becoming cliloiidc of lime A di\, Mlnte, pnlveiuleiii compound is 
obtained by esiiosiiig the la't In (bate to ddoiine, iiliieli contains 
IT 2 to 41 i cldonne in 1(K) paits, but ol tins chloinic about .39 
parts only are available tor blcacbing, owing to 2 ])aits of that ele- 
ment going to the foimdtioii ot chloride of c.iliium and clilor.ite of 
lime A slight addition of moistuie to hvdiate of lime docs not 
increase the projioitum of cliloiinc absoibed, and rendeis tlie com- 
pound less stable. The abu\c appears to be the maMinnm absorj)- 
tion of chlorine by dry hydrate ol lime, and is gicatei than it would 
be advisable to attempt ui tlie manufaetuie ot blcacbing powder, 
owing to the occurrence of the partial decomposition adverted to 
Yet this proportion is considerably slioit of 1 eq ot cliloiinc to 1 of 
hydrate of lime, winch aic TS 57 cldonne and 51 13 hydrate of lime, 
m 100 parfe. The e\cess ol lime appears to be useful in adding to 
the stability of the cqmjiouiid Labarraque mixes the hydrate of 
lime with ^\,th ol its weight of chloride of sodium, by which means 
the absorption of chlorine is 'greatly pKomoted The bleaching 
powder of commerce may contain, when newly picparcd, about 30 
per cent of chlorine , but aftd being kept for several mouths, the pro- 
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]K)ili()n of avail, iblr diloiiiu' is loiiiid more fi ('qiioiilly below tii.iii abovu 
10 ptT cent, so iniicli dors iL (loti'iior.itc by kccjniif' 

Tlio rCiVctum wbitli oceuis m the lurm.Uioli ol liypocliIoiiU' oI liitu 
i» rrpiLst’iiti'cl ris folloHs 

2C.iC) and 2Cl=Ci Cl .md CaO CIO 

(h llic piodiK'l IS ,1 iiii\tmi‘ ol ddoiidi ol (.ilcimii and li^poddonk 

r) | IlDK' 

'Hu s.nnr coiiqKnmd is obbuiu'd ni solution bj liiinsnnltinif n sIh'.iiii 
ol ddonne-£jib lliiounb ludi.dc ol liino suspended m w.itii Tin 
lime tlieii .ibsoibs .i lull t<|tiu,d« ill ol eldonne, <iiid dissolves eidiidv 
Till pails ol v.vlei lake iiji Llic ble.u Imig LOiiibiii.itioii limn 
oiif* p.iil ol diy diloiidi' ol linn, Ii.niinx iindisbohcd tlie liydiale ol 
lime toiit.iimd in cvcss The solulioii has a slighl odom ol Iqpd 
ddoions acid, a loin'll astnn'>n,l < iste, and alkaliiu UMclion ll 
desluns iuos( <iie:inu inaltiis coidaiimii' ludioi'en, indndiiic 
foloiuiny matters Ibil its bliadiiiit' .nlioii is not iiisl mtaiu mis, 
unless ,111 ,ieKl he ,i(Uh'd (o il, whtdi IiImoiIis the diloiiiie llnm, 
iilieii Ttnkei-rcd tlotli, li.niiig a jialkin ^iiiilcd upon iL with 
lailaiic ,icid thickened Iq t^nni, is iniiniisul lor ,il>(>ut om iiiiiiiitL in 
this solution, it comes out with thu toloni disdiaiyed wlieii (In ,i(ul 
M.is piesent, but dstwlicu' uninpiud In ihis iiiannui nhile Jij'iius 
aie pioduced ujion ,\ (oloiucd ifround The solnlioii of ( hloiide ul 
hmc also absoibs .uul dostio^s coiitaijjous imitlers in the ,itnios])lieie, 
,iiid is slo'il^ tleeoniposed by (aiboiiic ,iLid, with isc.ijic of diloiiin 
The poivden oi ds solution, nlieii heateil, ol when kept lot .i coii- 

s] dii,ihle time, uiideigocs dceoniposiliun , lb (q of clilotine (lun 

leaving 17 ei| ol diloinh' ot c,iUmin, and I ddoiate ol Imn, 

,ind dihciigagiiig 12 eq o( o.\ygcii-g,is, .ifcouliug lo tho obscnalioiis 
ol A1 Moiin 

CIlLOHIMMllV 

The bleaching power of hyiiotliloiito ol lime is often estimated In 
till! quantity ot a tioluliou of sulphate ol indigo, which ,i coiist,inl 
vv( ight of the bubstaiico can depnve of its blue colour* or rendi i 
ydlow ‘ But as the indigo-holutioii alters by keeping, tins method is 
not unobjerlionablc A more e-xact method is that m whicli sulphate 
of iron IS used This mevliod lepoiJes u[)on the ciicnmst.Hicc tliat 
I he chlonne ot hypoehloriU ot lime eoiivoils a salt of the prolovide 
into a salt ol tlu sesquioKide ol iron ,, Juall an equivalent, or 222 
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])urts of chioniic, effecting that cliaiige upon a whole equivalent, or 
[71iS partb of cr protosulpliatc of iron Protoxide of iron l^ eon- 
leitihle into sc»<(uioxJtlc Ijy halt an eipiurdcnt of oxigeti, whicli the 
half equivalent of cliloiiiic may In biippo‘.ccl to suppK, by dicom- 
jio&nig water, in bccoimng hidiochloiic and It follows. In piopoi- 
tioii, that 10 grams of diloime .uo capable of peroxidi/.ing I 
giaiiib of cr piotosulphiilc ol non 

A few oiiiues of goixl n\s(als of piolo'^iilphale of iron aie retlucid 
jo powder, and diied b} sliong pn^'ine lictween folds of elotli , the 
'alt may afterwards bi piescivtd in a liollli without cliaime In a 
eliloriniclnc exjieiinient, 78 gi uns (iqnnalnit to 10 giauis of 
chlorine) of tins salt aie dissolved in about two miiifes ul watei, 
wliidi may be acidnialid by .i 1< w dio])s of sulplmiic oi Indro- 
ehloiic acid Pdly gi.iins of (he i hlonde ol lime (o be cxaiinncd me 
dis'olved inaboul two oimcis ol (ejnd wain, by iiibbini' tin in toee- 
tliei in a iiioitar, and (he whole, jioi'iid itilo (In' alk.iliiiKfi r (pige 
">17), wliidi Is atlei wards lilh'd ni) lo 0 on I he si ah', by the addi- 
tion of w.iter^ and the whole mixed In iini lUiigtlic alkalnnetei upon 
the palm ol the hand 'I'he solu ‘1011 ot chlonde ol lime, heiim thus 
made up to 100 ineasuies, n? ponied uiadiialK into the siiljiliatc of 
non, till the latlei is (oinplcltb peiovidi/.ed, and the number of 
measure's of ddoiide ie(|niie(l lo produce that dhd obseived The 
(haiige ill the degiee ot oxidation of the non-solulion is discoicted 
by lucaiiti ot icd piussiate of pot.ish, wlndi gives a juenpitate of 
i’lUb&iau bine with a salt of tin pioloxulc ot non only, and not with 
a salt of (ho bebrpiioMde Hy nmaiib ot a gl.iss-srnier, a white sfonc'- 
waic' plate is s|)oltid ovc'i with '•iiiall dmps of the ])rii‘"iali' A diop 
of the iron-solution inixi d with one ol these, attei even acUliliun 
ol chloride ot lime, and the additions coiilmiicd, so lung as a tlcep 
blue prceipitale is prodiued The liquid may eontmiie to be (o- 
louied gieeii by the ii(m-s,ill, but that is ot no inniiient 'J'lie 111 hir 
the specimen ol cbloiule ol bme is m clilonne, the fewei nieasiiics ol 
Its solution aie lequiiod to peioxidi/c the non, the nmiibcr ot inea- 
snri's contaimiig 10 grains of ehlorme always inodiieing that eflcct 
Tlie quantity of chlorine m the fillv giains ot bleat lung jiowdei is now 
known, being ascertained by (he proportion, as m nicasiiK's (the 
number poured out ot the alkalimeter), is to 10 giains of clilonne, 
w 100 is to the total giams of chloijiie* la a particular experi- 
ment the 78 glams of sulphate ot iron rciiuired 72 measuies of the 
bleaching solution lienee,, as 7^ is to 10, so 100 is to 111.89 

2 Q • 
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chlonne ui 50 grains of thr chloiule of lime. The quantity of 
chlorine iii 100 grams of tlic chloiiile, or tlic percentage of chlorine, 
IS obtained by doubling Hint number, and*' was therefore, in this in- 
stance, 27 78 pel cent, or 23 ]>cr cent The arithmetical process ni.i^ 
always be reduced to that of dividing 2000 by the number ot mi.i- 
sures pouicd I'loiu the alk-iiliinelei thus in the hist example — 

^^^^==27 78 
72 


ST^iOTTOJS' TV 

MAONJSIIIW 

Kq 12 2, O, 152 5, Mg 

To oblaui magiicsiuin, sodium in a test -lube of hard glass is 
coveicd by fiagmcnhof aiiliydiouschloinh of magnesium, and he.itcil 
to redness by a him]) The alk.iliiK' inel.il iiinli's ivith ililoriiie, with 
strong ignition Altci extiachiigllieelilointc of soiluim by means of 
water, tlie raagiiesium lomams in little globules, which may l)c(c- 
uiiitcd by fusing them under a stT„liim of chloudo of potassium at a 
moderate red-heat 

Magnesium has the coloiu and liistic of silver, it is vciy ductile, 
and capable of being beaten into thin leaves, fuses at a gentle lical, 
and ciystalb/es in ottohedioiis Alagnesimn is oxidi/.cd supcrliciallv 
by moist air, but uiidcigoes no change iii diy an or oxygen 
Heated to icdiicss, it hums with gieat biillmncy, forming magnesia 
Tt IS evidently more analogous to /me lli.iii to the preceiliiiii 
metals 

Maqnt’sm , MgO, 20 2 , ot 2 . 52.5 — 'J'liis is the only known 
oxide ot magiifsiuiii iiumlh piep.iied, by a gentle but long 

calcination of the arliliiial eaiboiute of magnesia, it forms a whit i 
soft powder, the maqin\ia u\(ti of phiLiuiacy Magnesia is ol 
density ,8 61 after ignition m a jjorcclain-furiiaco (H* Hose), and 
highlv infusible It eorabiiies with water, but with much less avidity 
than lime docs, forming a protohydrate The native hydrate of mag- 
nesia lias the same composition, and so has the compound obtained 
by precipitating magnesia from its soluble salts (by means of hydialc 
of potash) and washing well, wikeu diied cither without hea^ or ^ 
212°. These preparations have a silky lustre and a softness to the 
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touch, charactenstip of magnesian minerals, such as is observc'd in 
ashcbtos anti hoa|)stonp 

According to M Freshnius, magnesia requires for solution 555 flS 
parts of water, cither boiling or at ortlninry ttmperatures , the solu- 
tion IS feebly iilknliiic, and gives a sensible precijiitatc on the adthlirm 
ol phos])liate of soda, followed by ammonia M hen this eaitli ,iiid 
its salts are moistened with nitiate of coball, and strongly ignited 
before the blow-pipe, tluy assume a fine losc-colonr pliospliate ol 
magnesia takes moie ol a violet lint l^fagnesia is precipitated fiom 
its soluble salts by lime water, but is >-till a stioiig base c.ijiable of 
iieutializing acids perfectly Ainiuoina never thiows, down more 
tlian half ot the magnesia fioin the ‘-olutinn ol a salt ol ni!igne‘s],i, 
owing to the fonri.dion of a sulnble double salt of inagne'-i.i and 
ammonia, and the flaky jirecipitato juodiiccd b\ aiiirnonia in the 
solution of a salt of inagncsia dl^a])pcalb ag.im tompletcly on the 
addition of hjdioeliloi.itf of nniiuoiua Magnesia is pueipitat<d 
from its salts by the c.irbonates, but not by the bicaibonatcs, ol 
potash and §o(la It is most tomdlj e'limatid by jnecipitalion In 
the phosphate ol ''oda with eau^ll( aimnoina, washing with wald 
containing h^drodilorate of ammonia, and iginlnig the preiipifated 
jihospliate of magnesia and ammonia, the w'hole magnesia being 
iiltiitfatcly obtmiudmthe Icnm oi biba'ie ])lios])liatc of magiu^ia, 

2 MgO PO5 

Chlviidc of madi b} iini1i.«h/ing carbonate of mag- 

nesia with hydrochloric .uid, ciyslalh/es in ihin net dies, winch con 
tain 6 eq of watc'i, and^aic Inghh di h(im"-tcn1 When wc atteinj)! 
to make this salt anhydious by luat, Indiochloiie acid escapes., and 
magnesia remains lint the puic rhloiide of magncsmin, wlndi is 
employed lu preparing the iiiefal, may be obt.niied by dividing a 
quantity of hydiodilouc acid into two equal portions, neulrah/ing 
one with magnesia and the utlii i with ammonia, iniviiig and evajKi- 
laling these two sohitioiis to diyno", when an auludioiis double 
chlondc of magnesimn and aminoina is formed On hiMiing tins 
salt to tednesh in a ctweied yKircclaiu-eiueible, s,d-,\imnonia( sub- 
limes, and chloride ol iiiiigin •>111111 leinains in a stale ol tnsion, wliidi 
becomes n trauslucciit, ciystallmc mass on cooling 'fins chloiide is 
decomposed by oxygen, wliidi, at a high temperature, difeplates its 
chloimc, and magnesia is fanned Acco'fdmg to M Poggiale, the 
olilondc ol magiiebiuin foiiiib with dilondo of sodium a double salt, 
whichJus the formula 2 MgCl.NaCl- 4 - 2 IiO 
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CnrbunntP of maqm\sta — ‘^alt occurs native, and then always 
III the anhydrous condition, ns n white, hard, compact mineral of au 
earthy fracture, nlnch is known mnt/nh<iUr, and sometimes iji 
rhornbohedral cr>st,il<!, snnil.n to those of carhonate of lime It is 
pre])ired artihciallv hi jirccijntiitiii" a soluble salt of niagiiosin, by 
menus of cniboiiaio ot potash at the boiling-jioint The precipitate 
IS rbtlnsdl 111 jiiiio water, and a shoain ot caibonic acid sent through 
it, l)\ wliidi tlie (ailioiiafi ot iiiagne-u i* dissolved On allowing 
tills solution to eiaporate spontaiieoiislv, the exrcss of carbonic ntid 
e'eiipes, and nilinnnte ot niagiicsi v is deposited in small hexagonal 
prit.ius with iiijht snmnnfs These <i\sl.ds rohtaiii ti eq ot watei 
'I'liei cfllorcsK in diy an, and then lose li eq ot watci, iiceouhiig to 
iny own obscivations Caiboiiate of inugnesia has also been obtained 
111 crydals, with 5 cq of water, fiom the solution in caibomt 
acid, at a low tcmjieritnu' There are, consequently, tbice hydrates 
of this salt, of winch the foinmke aie — 

MgO cOj no , 

MgO CO, 110 + 2110, 

MgOCOa 110+ 1110 

The fart that tlie caihoiiatc ol magnesia dissolves in caibonic acid- 
watei IS no( to be Iteld as a pioof of the (vishncf of a bicaiboiiati at 
iivagnesin Yaiious insoluble salts, such as plios])hate ot lime and 
fluoride of calcium, diss(d\e in the same hijuid, which appears to 
possess a specific s(dvcnt jiowci In the anali'gous solution of car- 
bonate of lime HI caibonic acid-watcr, the pr>>portion of tlie carbonate 
was found by Berthollct to have a vaiiable atid iiulelimtc i elation to 
the acid On theoretical grounds, supci salts, ot too ordinary con- 
stitution, of magnesia, and the magnesian lamily ot oxides, arc not 
to be expected, as they would be double salts of water and another 
magnesian oxide 

Matfue<^xn nlhn, or the subc.irboiiate of magnesia of pharmacy, is 
prepared by precipitating a boding solution of sulphate of magnesia 
or chloride of magnesium, by meiiis of carbonate ot potash Car- 
bonate ot soda IS not so suitable as a precipitant of ludgncsia, Js a 
portion of it IS ajit to go down in combination with the magnesian 
carbonate, but it may be used provided the quantity ^phed be less 
than is reijfuircd to decompose the whole magnesian salt in solution 
Magnesia alba, when well washed with hot water, is very white, light, 
and bulky. A portion of carbonic acid is lost, the magnesia not 
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being 111 cumbinalioii witli a full c([invAleiit ot Lliat acid Bcr/eliuij 
found magnesia alba to contdin, in 100 parts, do 77 c.irboliic acid, 
44 75 magnesia, and i9’48 water, or to consist ot 3 cq of caibonic 
ruid, 4 pq of magnesia, and 4 cq of water It is viewed as a corn- 
bniation of 3 oq of protoliydiatcd carboiiato of inaguesia with 1 eq 
of protoby dralc of magnesia, ot wliicli the formula is 3(MgO C'O^ 
I10) + Mg0ilQ Tins coinjiouiid leqniics 2 l) 00 paits of cold, 
and 9000 of hot watrr for solution (Dr I'ytc) 

Dtcat lunate of potash and muymsia — Tins salt was formed by 
Jlcr/clius by mixing a scdiitioii ol niliale ol magnesia oi cbloiide ot 
inagnesiuin (not the sulphate of magiiesfa) with a satuiatid solution 
ot bicarbonate ot jiotasb in excess, and allow mg tlie lupior to rest 
In the course of a few d.iys, the double salt is dipositid in huge 
regular crystals Ihcso nistals aie insipid , insoluble in pnic watei, 
hut slow ly decomposed b) it The composilion of tins salt eoiie- 
siionds with 1 eq of polasli, 2 ol magnesia, J ol caiboiiie .Kid, .ind 
9 of watci Tt eoiitains the (lenients ol 1 eti ol .i li\diat(<l Iniai- 
bonate of po^tasli, aiul of 2('(| ot liydi.itcd c.iibonate of inagiicaia 

f-MgOCOa ll()+ ^110 
■ I[()CO,^tK()C()2) + 2llO 
MgO CO 3 I to -p 2 110 

It appCiirs ail assoiiation, or compound, ot tlnee s.dls ot siuular 
constitution This salt, I find, loses SI 10 at 212'^, 01 .ill its nun- 
bnied water, except the smgb basic iqinvalciit of llm bicaiboiiatc 
of potash A coircspoiidiiig bicaiboiiate ot soda and magncsi.i .dso 
exists 

Dolunnte, a magnesian limestone, very extensively difluscd 111 
nature, is a inixtiiie 01 ooinbriatum ot the caiboiiatcs of linio and 
magnesia, having ttie er>stcilliiie form of calc-spar The two salts 
unite in all propoitioiis, but nc most tiequciitlj found in the pio- 
portion of single equivalents It is K-inaik.ible that wlieii Ibis lock 
IS exposed to the soh cut action of w ater eoiilaiiiuig e.nboiiic atiil, 
the caibonatcof lime is dissolved exclusively, and a in.igiiesi.m lime- 
stone remartis in the form of a porous and crystalline mass Tt is 
not unusual to find wjiolc inountanis of niagnesian liinestoiic tlnis 
altered. 

Nulp/iate oj via(//ie<iia , IVl^O SO 3 TIP + 6110, 60 2 -|-G‘j, 01 
7a2 5-f787 5 — This salt exists m many mineral springs, in the 
Valera of Epsom, of Seidlit/ in Bohemia, &c, honi winch it was 
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first procured by evaiiomtum It is now obtained from the bittern 
of sea-water, whicli consists pnnciiially of cliloridc of magnesium and 
sul])li.ite of m.igiicsi.i, and is converted wliolh into sulphate by the 
addition of sulphuric acid Oi magnesia is jiiecipitatcd from sea- 
water confined iii a tank, by means of hjdialc of lime, and the eartli 
thus obtained afterwards ncutrali/ed by sulphuric acid Magnesian 
limestone is also had recoin se to for iiuignesia Jt is burned and 
slaked with water, to obt.iin iL in a duidctl stale, and then iicu- 
ti.di/cd hi sulphuric aCid 'I'lic miMil sulphates are easily separated, 
liiat of lime being soluble to a niiiintc e\tent 011I3, while that of 
inagniMa IS highly soluble in water A solution of sulphate of lime 
IS al«n decomposed b\ carbonate of magnesia, v\ itli the formation of 
sulphate of magnesia, and this rcaelioii is olten witnessed m beds of 
magnesian Innestono, when watci containing sulphate of hrne perco- 
lates through tliein 

The enstals ol snipliati ol magnesia .11 e four-sided lectaiigiilai 
jinsms, winch, when iniie, lia\e a slight disiiosition to elllorcsce in 
dry air Oin* Imiuliod pails of watoi at 32” dissolve 2 1 7C parts ol 
tlie anhjdious salt, and foi e\ei} degree above that temperaluie 
thev take up 0 2(>j(51 pait additioind (ste (Jii>-Liissa(\ table of the 
solubility of s dts, at page 22d) The volution lias a bitter disagree- 
able taste, winch is (haracteiislu of all tlie soluble salts of magnesia 
It IS not ])ren])itat* d in the cold hv the alkaline hicarbonates, hv 
common caibonatc of amnioma, noi by oxalate of ammonia if the 
solution of sulphate of maginsia he dihite 'fins &.ilt erystallizes at 
33° with 12HO (l''rit/s(lie) , it is also generally slated to crjstal- 
|]/e about 70“, with GTIO 

Suliihatc of magnesia loses OIK) consicUiably under 300°, but re- 
tains 1 c’fi. of watei even at 100° The last (cpiivaient is leplaced 
by suljihiitc of ])otjsh, forming the double sulphate of magnesia and 
])otash, winch is t on sn lei ably less soluble than the sulphate of mag- 
nesia, and crystallizes with OIIO Suljihatc of magnesia unites 
directly with sulphate of ammonia also, at the ordinary terapemturc, 
and with sulphate of soda above 100° (Mr Arrott). 

Sulphate of magnesia, when ignited m contact witT:! charcoal, 
leaves magnesia with very little sulphide of the metal ; it is the 
last of the earths which cxliibits any analogy of this kind to the 
alkalies The hydrosulpMite pf sulphide of magnesium is soluble m 
wafer, and a[)penis to be formed when sulphate of magnesia is pic- 
eipitated by sulphide of barium . » 
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tlyposulphate of mutfiit -iiu foiiti^ tiysltils, wlnili die [icisisleiit 
111 air, very soluble, and conlaiii 80 77 pci cLiit, or 0 i'([ of Wdlei, 
tike the following salt. * 

Nitiult‘ nj nHu/in‘',in is ,i very soluble and Inglily ilclKiuoscenI 
Mlt It crystallizes willi 011(1 

Vho\i)lif(le of muffHfsia is formed on iniMiig roht solutimis of 
common ])hos])Iiale of soda and sulphate of magnesia, and allow nig 
die luiuid lo stand foi iZl lioiirs 'J'hc salt apjir ais in I lifts of slendci 
prisms, which flllousco in diy an Thei aic soliibh in about 1000 
limes their ■weight ol watii 'I'lic composilioii ol tins salt, which 1 
( an lully e'cainnu d,‘ inav Ik <\pi(ssc(l fiy llie lollowiiig loiniuLi — 
ll0 2M«OP(t- + i>ll()-f (Phil Ti an- 1S37) 

l‘fiO'>/)liali‘ of oioymsiii and itiinnonut — 1'liis is the well-known 
gi.iniihar jirecipilate wliidi ippi iis w lu ii a tub isic [)Iiosphate and a 
salt of ammom I aie dissolvid logilhc, and anv --all ot magnesia is 
•ulded to tlio inivtiiK' Its [oii*,ali(>ii is liad neoiiise lo ,is a lest ol 
llic piescnce ol niagtn sia Alllioiigliiti'oliihh in a ]i([Uid conlaining 
s.ilts, it IS so sohibh' in (hiu' watei lhat il faiiuol lx wiislml withoul 
sinsibleloss It IS leadily dissoh (d by ai iiU Tlie same substance 
loiins the basis ol (Ik. vaiiel) ol niniaM (ahiiliis known as the aiii- 
iiioniaio-inngnesian phosph.ilc It is a liibasir pliosphale, ol whuli 
the 3 ef| ol bise aic 1 eij of ovule ol animomi'm and 2 eq ol mag- 
nesia, with 12 e<| ol wall! ot crystalli/alioii tin ol the lattei may 
he evpelled wilhont an\ loss ol ammonia 'I’lu* lounnla ot Ibis sail 
IS thciefoic A H^O SMgO POg-l-SlIO-f lOlLO I’lie same salt was 
found 111 crystals of consuleiahle magiiituile, b\ Di I ie\, in (he old 
soil ot the 111} of llamhiiigh, and named sliimfi, as a new nniicial 
species It lias also been loniul in giiano, and hence named ffumntv 
by Mr Teselicniudiei J)i Otto has obsei \ ed a tonespondiiig tn- 
btisic phosphate of piotoMdc of non anil miinumia, wliieli contains 
only 2 cq of w liter, and also an aisciiiatc of manganese and am- 
monia, of which the watei ot cijstalli/alioii ap^iears to be the same 
as that of the pliosphale of magnesia and amiiioma 13 y igniting, 
without fusing, phosphate of magnesia witli a sinali quantity ot 
carbonate of potash, an insoluble double salt of similar constitution, 
2 MgO KO PO5, wa9 obtained by II Jlosc- Corresponding double 
phosphates, containing 2 eq of lime, baryta, and strontia, m the 
place of the 2 cq of magncsia,^werc yrepftred in a similar in.miic r 

Boiafr of nifty nrsitt — The neutial salt was obtiinicil by M 
Wohler, HI the form of cry,glals, by heating a mixture of the solutions 
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of sulphate of magnesia niiil borax to tlic boiling point, so as to form 
n prccipiinte, vilnch is re-Jissolvcd on cooling, and leaving the liquid 
at a tenipcrutuic oiilj <i few degrees above 32° for some iiioiilhs 
There were foiined on the side's ol the vessel ihiii (ijst.dhnp needles, 
liansp.ireiit, brilliiiiit, liaid, and having mueli ot n inincral charactci, 
insoluble in liot or eohl w.iler, and luiving llie conipositioji MgO 
Bt)j+Sl[() Hoiacic acid forms also an nisohilile tiilior.ite of mag- 
ncsi.i, oAIgO HO, + 1)110, a soluble teiborate, AlgO 3HO, + 8110, 
and a "oliihlc sexboi.itc, MgO CHO^ + LSllO 

The miiieial hotacitc, wliith occurs in the cube and its allied 
foinis, is an anliyilions eonipoiiiid ot niagno'-ia atid boracic acid, in 
the ratio ot 3 eq of magnesia to 4.e(| of boiacic acul, which is repre- 
seiiU'd by AlgO 2 HO, + 2(AlgO HOj) This mineral becomes elec- 
trical by lie.it 'I'lic raio imneral, liifdi (>lnnunte, is, according to 
Hess, a componnd ot a borate of lime and borate ot magnesia, m 
both ot w Inch the acid and baoC arc in the same ratio as in boracite, 
with 18 cq ot water 

Sili(,at('<i (>i — Magnesia is lounil combined witli siline 

acid in various projiortions, toiming several muieial species ol wlnuh 
the toimula; arc as follow s — 


Steatite 
Alecischaum 
Jhcio&miiieaiid pyiallo-? 

hte 5 

Pcridote (ohvinc, or) 
chrysolyto) 5 

Serjientiiie (hvdratc of' 
magnesia with subsih- 
cate of magnesia) 
Pyioxene or aiigite (si 
licate ot lime and mag- 
nesia) 

Ainphibolo, or hoin- 
blcndc (silicate of lime 
and magnesia) 


5(MgOSiOj) + 2110 
Mg()SiOj + 2lK) 

GM gO 4 SiOj + 3 HO 
3MgO SiO, 

2(3MgO + 2 SiOJ +3(MgO 2110) 


3CaO 2SiO, + 3Mg0.2Si0j. 


CaO SiOg + 3MgO 2 S 1 O 3 


In these minerals particularly the two last, the magnesia is often 
replaced, in whole or m part, by protoxide ot iron, which gives them 
a green, and sometimes black colour Pine crystals of pyroxene are 
often found among the sconm of blast-furnaces Serpentine is 
easily decomposed by acids^^an^ may be employed in the preparation 
of sulphate ot magnesia A vanety of other minerals are formed ot 
silicic acid and magnesia, anhydrous bjr hydrated ; such as «talc, 
metaxite, &c 
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.ORDER III 

METALLIC BASKS 01< THE EAKTHS 

SECTION I 

ALOMJNUAI 

llq 1.3 7 ty/ 171 2, AI 

» t 

This elcinpiit is iiatnod from (dnmon, tlie Liitiii term for alum, 
which IS a (loiihlc silt, coiisisliiigolsiilplntc of alumina and siiljihatc 
of pot.ish 

Like the preceding metal, .dnmiimm is ohtaiiiod fiom its clilondc 
by the aclioii ot jiol.iSMiiin lu order fo duniiiish the violctue of the 
rcMction, lyf ‘Wohler lecominend'. that .iboiit 20 grams of perfectly 
dry potassium he iiitiodiiced into a sm.dl platinum-ciuciblc, which is 
placedl within another l.iigei ciiecihle, also of platinum, containing 
the aiihidrous chloride of ahumnnui The covei of the larger cruci- 
ble IS then fastened down by an iion-wire, and heat applied with 
caution The aluminum is aftciwaids sejiarated from the chlonde 
of jiotassium, with which it is mixed, by digcstinir the crucible and 
its contents m a considerable ciuaniity of cold watei The metal 
appears as a grej- powdci, resembling spongy platinum, but is seen 
in a strong light, whiM suspended in w'atcr, to consist of small scales 
or spangles h.iviiig the iiietalhc lustre It is not a conductor of 
electricity when in tins divided state, but becomes one when its par- 
ticles are approAiniiitcd by fusion Wohler finds that iron resembles 
aluminum in that respect 

Aluminum has no action upon water at the usual temperature, but 
decomposes it to a small extent at the boiling temperature, with the 
evolution of liydrogcn It undergoes oxidation more rapidly in so- 
lutions of potash, soda, and ammonia, and the resulting alumina is 
dissolved liy these alkalies Aluminum requires for fusion a tempe- 
rature higher than that at which cast-iron melts Heated m open 
air, it takes fire and bums with a vivid light, and in oxygen-gas with 
the production of so much lieift as tq fiee the alumina, which then 
has a yellowish colour, and is equal in hardness to the native crystal- 
lized alummous earth, coruiidum. 
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Alumina, AI 3 O 3 , 51 -i' bl2 5 — 'J'liis CArtli la the only degieo 
of ovidation of which alumiimm Misccpt ible, so far as us known at 
present In its constitution, iilurama is jircsmhcd to resemble ses<iui- 
OAule of iron, because it occurs eryshdlwcd in the same form as the 
native scsquio\idc of iron, niid the salts into which it cnteis aie 
strictly isomorjihous with the corresponding Siilts of that oxide 'I'o 
3 cq of 0 X 1 gen it must, tlicieforc, contain 2 etj of metal, sudi 
being the composition of scsqnioxidc of iron Aluininnin is not 
known to enter into comlnnatioii m any othei piopoition than tliat 
of two equivalents of the metal to three ot tiie lialogeiions eon- 
stituent ' 

Alumina occurs 111 a stale of pnriii, with the ixception of a tuiLo 
of colouring mattei, in Iwo pieeunis stones, tlie and ndn/ , 

the lirst ol which is blue, and the ollni lod 'I'licv are not itihiioi 
III Inmhu'ss to tlie diamond Tluni density is liom 3 9 to 3 It? 
Alumina may be obtainc'd h\ calennng the snl])liate ot alnnnni and 
ummoma, or luumomacal alum, \cn siunnrK Ihit ainmina so pic- 
paied IS iiisohihle m acids It is ohtainod in the slate of a hydi.ite 
trom common alum by dissobing tlie l.illi'r 111 boiling walei, and 
adding a solution of ammoiua (01 bctici, of tlie earbunate oi aininn- 
ina), and boiling This cartb is still moio jierfecth piecipilalcd by 
the bydrosulpbate of ainmonia, aceorihng (0 MM Malagiiti and 
Dnroeber The jnecipitate, which is white, gilaluioiis, and veiy 
biJky, must be carefully washed, by imxiiig it seieral Imies with .1 
large cjuantity of ctisldled water, allowing it to settle', and pouring oil 
the clear liquid Ily diyiiig in air, alniiiinais* lediicc'd to a fc'w hiiii- 
diedths of the bulk of tlic bumicl mass It is still a hydrate, but, 
when Ignited at a high tenipcrnture, it gives anhydrous alumina 
One hundred parts of alum funush 10 3 parts of alumina 

Alumina is white and fiiahlc It has no taste, but adheres to the 
tongue Before the oxihydrogen-blow-pijjp it melts into a colourless 
glass. After being ignited, it is dissolved by acids with great diHi- 
culty It IS highly hygrometnc, condensing about 15 per cent <d 
moisture from the atmosphere in damp weather If ignited alumina 
contains a small portion of magnesia, it becomes warm when moistened 
with water this property is very sensible, even when the proportion 
of magnesia does not exceed half a per cent. It appears to be due, 
not to chemical combinatioiv, bqt to b^at disengaged by Iiumectation, 
— a phenomenon first observed by Pouillet 

The hydrate of alumina, when moist, is gelatinous and semi-t^ns- 
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pnreiit, like starch, but dries up into gummy masses Tt is com- 
pletely insoluble 111 water, but is readily dissolved by acids, and also 
by the fixed alkalies , Ibis earth standing in the relation of an acid 
to the stronger bases Caustic ammonia dissolves it only in small 
c(UdTitity. The hydrate of alumina is dc[)ositcd in crjstals when the 
solution of tins earth in potasl. is allowed to absorb carbonic acid 
slowly from the air Tlie crystals are white and transparent at the 
edges, and contain 3 eq ot water, winch they do not lose at 212“ 
The iiinieral qiJMte is a native hjilr.itc of iiliimiiici of the same com 
l»Ohil]on, AljO^-f-yllO Another native lijdiate exists, containing 
IcjS water, AljO^’-t- 2110 It is < ailed dtu^jxjic by mineralogists, 
Irom decicpitating and falling to powdi r when heated, — a propel ty 
winch the artificial hydrate in giimmj ma^'Ses bkfwise evluhits 

lljdraled alumina lias a petnliar attiaction foi oigaiiic mattei, 
which it withdraws from '*o!ution, and heuce this earth is u])t to be 
(oloured when waslicd with aaler not absolutelv pine Tins afiliiity 
is so stroTuc, that, wlirn digested m solulioiis of vegetable eolouring 
matters, ^nluiniua eoniliiiies with and eariies down the eoloimag 
mutter, which is u moved e.itiiilv lioin the liquid, if the alumina is 
in siithciciit qiiantily The jiigmeiits railed are such aluminous 
(omjiouiids 'J’he fibre of cotton, when diargcd with tins earth, 
,it tracts and retains with toree the simc colouiiiig matters lienee 
the great a]i]>liea1ion of <dummons sails iii djciiig, to impregnate 
cloth or )arn with .iluimiia, and thus enable it to li\ the colouring 
matter, and produce a last colour /Muminn is then said to be a 
mordant biiioMde of Im and scsquioxide of iron have an equal 
fittraction for organic colouring matters 

Aluinina, it will he observed, is not a protoxide, and is greatly 
mfciior to the preceding eaiths in basic power Tt is dissolved by 
acids, but never neutlall/c^ them complctclj Hence, tilum and all 
the salts of alumina have an acid reaction Their solutions have an 
astringent and sweetish taste, which is peculiar to them Alumina 
dissolves, to the extent of several equivalents, in some acids, particu- 
larly hydrochloric acid, forming feeble eaimpounds, which arc even 
deprived of a portion of their alumina by filtering them through 
paper It is usually supposed that alumina docs not combine with 
some of the weaker acids, such as carbonic acid , and that an alkaline 
carbonate throws down alumina lr9m (ilimi, and not a carbonate of 
that earth The eaibonate of aminoiu.i, however, according to Mr 
Hanson, gives a subcarbqiiatc of alumina, which, dried in vacuo at 
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a low temperaturej formed a light bulky powder, having tlic compo- 
sition SAl^Oj 2COj+ ICHO. Alumina dissolves readily in solution 
of potash or soda, forminp compounds in whioh it must jilay the 
part of an acid The aluiiunate of i>otash is deposited, on evapo- 
rating a solution of alumina m potash, in white granular crystals^ 
sweet to the t,istc, and having a strongly alL<ihne rcrictiou its 
formula is KO AljO^, according to hi Frcmy Such cuinbuiatioiis 
occur 111 iiatuic a viry hard mineral crystalhi^iiig in oclo- 

hedroiis, being an aluminate of magnesia, MgO Al^Oj, miA t/afuutv, 
an alunnnatc of yinc, ZiiO AljO^ 

Sn/ji/tifit‘ of ahnmnum is foimed by buiiniig the inetil in the 
vapour of sulphur It is a black smu-metallic mass, w Incli is r.ipully 
transformed, by contact nitli water, into alumina and liydrosulphune 
acid. H) drosulphate of aminoni.i has the same effect upon the solu- 
tion of a s.ilt of alumnitV as ammonia lias itself, iiciitrali/ing the acid 
of the salt, and throwing down alumina, while lijdiosiilphuiic acid 
cscajies 

Chlomle of ifliimtiiKin , Al/'l^, 13*5 9 o) JG73 75 — When 
nlumuia is dissolved in li^drochloiic acid, it is to be supposed that 
water and a chloride ot the metal are formed , 31iCl and Al 20 j = 
AljClj and 3HO Tin; solution, when coneent rated by spontaneous 
evaporation in a very diy atmosphere, yields crystals, which Bons- 
dorff found to contain 12 cq of water But it gcmially forms .i 
saline mass, which deliquesces quickly in the air AVhcii it is 
attempted to make this salt anhjdrous by heat, the ehlonne goes oil 
111 the form of Iiydroclilonc acid, and pure alumina is left 

The anhydrous chloride was discovcied by Oeisted, wlio made 
known a method of preparing it whieh has since had numerous 
applications Bure alumina, free from potash, 13 intimately mixed 
with oil and lamp-black, made up into pellets, arid strongly calcined 
in a crucible The alumina is thus made aulydrous, without being 
otherwise altered It is then introduced into a porcelain-lube, 
which is placed across a furnace and exposed to a rcd-lieat Chloime- 
gas, carefully dried, is conducted over the materials in tlie tube, 
when, under the conjoint influence of carbon and chloiinc, the alumina 
IS decomposed , its oxygen is earned off by the .carbon as carbonic 
oxide-gas, and ehlonne unites with the aluminum itself The clilo- 
nde of aluminum, being volatilcj^ subh/ncs and condenses 111 the cool 
part of the porcelaiii-tube A glass-tube, a little smaller than the 
porcelam-tubp, should be introduced mfo this part of the latter, 
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winch may afterwards be drawn out, contauung tlie condensed 
chlonde The salt is partly m the state of long crystalline needles^ 
and Jiartly m the fonn of a firm and solid mass, which is easily 
detached from the glass. 

Chloildc of aluminum is of a pale grceuish-yellow colour, and to 
a certain degiee translucent In air it fumes sliglitly, dilfuses an 
odour of hydiocliloric acid, and runs into a liquid by the absorption 
of moistuic It IS vciy soluble in water, but cannot again be rcco- 
\crcd 111 the anhydrous condition. It is equally soluble iii alcohol 
Cliloridc of aluiiniiuin combines with h^diosulpliunc acid, plios- 
jiliuietlcd lijdrogcii, and also with .iinmijiiia 

I'lic /hntudc of uliimuutm can only bi obtained by dissolving 
pure aliiniiiiLim in li^di oil none acid it does not crjstalli/c This 
thiondc unites in two piopoiiions with finonilc ol potassium, for 
which it has a stioiig afliiiilv IJolh the f oiiijioiiiids aic gelatinous 
pricipitatcs, wliuh become while and pnlvmiknl after bung washed 
and dried Uei/cluis assigned to them the fonmil.e, 3 KE + Al2l'’{ 
and 2KT*j-Al2Fi Tluoucle of alummuin evists m two crystalline 
imiicials, one of winch, on account of its transparency, hardness, and 
bnlliaiicy, is teckoiicd among the precious stonc'' — 

Toiia.! SfAlA S1O3) + (AljO, + AlgTj) 

r^kiiite 3(Al2<),Si(),) + Al2F2 

The ijaindf of aUnmnum ci’jstalh/cs in octolicdrons, 

which aie persistent m air 

■ 

SALTS OP ALL. 11 1 NA 

tSfdjihtlic of alumina, AI2OJ SISO^ + ISIIO, 171 1 + 103 0 / 
2113 5 + 3033 — Obtained by dissolving alumina in sulpbunc acid. 
It crystallizes 111 thin flexible plates of a pearly lustre, has a sweet 
and astiingeul taste, and is soluble in twice its weight of cold water, 
but docs not dissolve 111 alcohol "Whcii heated, it fuses in its water 
of ciystidlizatioii, swells up, and fonns a light porous mass, which 
appears at first to be insoluble m water, but dissolves completely 
after a time Heated to redness, it is entirely decomposed , the 
residue is pure alumina. Tins salt has been found, in the crystalliiie 
form. 111 the volcanic Island (jf Milo in the Archipelago Sulphuric 
acid and alumina combine in several proportions, but this is con- 
sidered the neutral sul})Iijitc, as it possesses the same number of 
equivalents of acid as it contains equivalents of oxygen in the base. 
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Another sulphate of nliimiiia (AljO, 8SO3 + AI3O3) was ()l)tain(*<l 
bj Maus bjr saturating sulpliunc acid with alumina, winch coiitanis 
twice as mucli alumina as the neutral siilphafe After evaporation, 
this subsalt presents itscU iii a ginniny mass, which dissolves in .1 
small quantity of water, but is decomposed when the solution is 
diluted with a large quantity ol water, or boiled , 111 that case the 
neutral salt remains in solution, and the following salt precipitates 
Subtnsulpliate of alumina, Al^Oi JiSO^ + liAl^Oj + 'JllO, precipitates, 
on adding ainmoina to the sulphate of iiliiimna, as a white iiisolnhle 
powder Tins siibsalt forms the mineral uhnui/ntr, which is fuiiiid 
near Newhaven in England, and at Halle in Germany 

Alum, i^ulphite of ahtnnnu itml imtuAi , KOSOi + AI^O, 
3 SO 3 + 24 IJO, 25S H-210, «i 3230 + 2700 — Sul[)hate of alumni.i 
has a strong affinity for sulphate of potash, m eoiiseiiiieiKc of whuli 
octohedral cristals of this double salt precipitate when a salt ol 
potash lb added to a strong solution ol sulphate of alumina Almn 
IS a salt of wlufh large quantities aie tonsiniied lu dveiiig It i" 
prepared by several processes, or denv^isl from diiroient soyrees It 
may be prepared by decoiiqMMng day willi sulplunic ai id , the de- 
composition IS soineliines ciUded by igniting jnire day, grinding i( 
afterwards to powder, aud mi\iiig it wilh 0 45 of sulplnnir acid, ol 
1 15 density Tins mistuic is hc.ited m a reverberatory luriiare till 
the mass becomes very lliuk , afterwards left to ilsdt loi at least a 
month, and then treated with water to wash out the siilpli.ite ol ahi- 
linna formed This salt foims, on cooling, a mas-, ol inUTlaced ervs- 
tals, being the suljiliate of nlumiiia already desiiibed, Al^f)^ 3IS(),-i 
ISlIO JJiome da>s and almmnous sdnsis do not recpiire to lie 
heated before being ticalcd with sulphuric ticid 'I’he addition ol 
sulphate of potash converts the last salt into aliini 

The old modeof making alnm is dill largely piactisod 111 tins couutrv 
A series of beds ociiir low in many of the coal nieabiires, whieh ooiiTain 
much bisulphide of iron One of these, known as alum-slate, is .l 
siliceous day, containing a coiisnh Table portion ol co.dy matter, and ol 
the metallic sulphide 111 a state of minute division lieu tins niuicial 
is exposed to an aud moisture, it soon extol latcs, from the fonnalioii 
of sulphate of non, the bisulphide of iron absorbing oxygen like a 
pyropliorus The excess ol sulphunc acid formed attacks the other 
bases present, of wludi tliff most considerable is alumina Alumi- 
nous schists often require to be moderately ciilciiied or roasted bcloic 
they undergo this change in the atmosphere The mineral being 
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IiKiviated, after a sufficient exposure, affords n solution of sulphate of 
alumina and protosulpliaLe of iron, from which the latter salt la first 
separated by crystallization The subsequent addition of sulphate of 
])otash to the Injuor causes the formation of alum, the fhloridc of 
potassium answers the same puijiosc, and has the advantafje over the 
sulphate that it converts the icrnauiing sulphates of iron into chlo- 
rides, which arc veiy soluble, and fiom ulncli the alum is mostcasiK 
separated by ciyslallniatioii A vei} jmre alum is also obtained in 
the lloinaii stales from alum-stonr, nlneh is simply heated till sul- 
phurous acid hcyiiis to c&cape from \i, and the residue of this cala- 
iiation treated uilh water This mineral contains an insoluble sub- 
sulphate of alumina with sulphate of potash The heating has the 
rlfect of separating tlie excess of alumina, so that a neutral sulphate 
of alumina is formed Alum-stone appears to be continually pro- 
duced at the Solfatara, iieai Naples, and other volcanic districts, by 
the joint action of sulphurous .nid and o\\gen upon trachyte, a vol- 
canic rock coinjioscd almost cufircly oi filspar 

The solubility of crvslaDized .diim, according to ]\1 Poggialc, is as 
follows — 

] 00 parts of watei at 32'^ fO'' C ) dissolve 3 29 parts of alum 


— - 

nt50°(J0°(!) — 

9 52 

— 

— 

at8G°(30°(') — 

22 00 

— 

— 

at 1 10° {(10° C ) — 

31 00 

— 

— 

at 15S° (Td° C ) — 

90 00 

— 

— 

at 212° (100° C) — 

357 00 

— 


It cryotallizcs vcr> readiU m icRidar octohedroiis, of which the 
.ipues aie alwiijs nioie or less tninc.ited, fiom the appearance of facts 
ol the cube, their densit> is 1 71 The taste of alum is swtct and 
aslniigcnt, and its aition decidedly acid, it dissohes metals, with 
evolution ot hidiogtii, as icadilv aslrte sulphmic acid The crystals 
eillorcsce slightly in an, and, when healed, melt in their watei of ci\s- 
tnlli/alion, winch ainounls to 45 5 per cent of then weight, or 2 1 
Kjuualeuts The fused salt, in lo'^iug this water, becomes viseid, 
froths gieatly, and lorins alight jioiims mass, known as burnt alum 
Mdieii buTimittcd to a gi.uliiatcd Itmpcraliirc, alum loses 10 equiva- 
lents of watci at 212°, and 9 equivalents more at 218° (120° C ) , 
leaving alum combined ivitli 5 cq ot water This last substance can 
siqiport a temperature of 320* (100° without losing more water 
At 356° (180° U) it loses 1 equivalents of water, aseJt then remains 
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which ports with ^ eq. of water at 802° ( 200 ° C ), leaving alum 
111 combination with ^ eq of water (Ilertwig). 

A pyrophorus is formed from an ultimate miiturc of 3 parts of 
alum and 1 of sugar, winch ai’c first evaporated to diyiiess together, 
and then introduced into a small stoneware-bottle, and this placed in 
a crucible and surrounded )kith sand. The whole is heated to red- 
ness till a blue fiamc npjicaxs nt the mouth of the buttle, wlmh is 
allowed to burn for a few niuiiilcs, and the mouth thon closed by a 
stopper of clulk After cooling, the bottle is (ouiid to coiitaiii a 
black, powder, wlncii becomes icd-hot when exposed to air, and 
catclies file also and bums with peciiluii \naciC} m oxjgcn-gns 
Tins projieity appears to depeiid upon the highly divided state of 
sulphide ot jiotnssium, which is iiitcimived with chai coal and sul- 
phate of alumina A p}rophorus cau be produced from sulphate ot 
potash alone, without the sulphate of alumiiui, but it does not so 
certcunly succeed 

If the quaiility of carbonate of soda necessary to iieutrah/e a 
portion of alum be divided into three equal portions, and added ni a 
gradual mnnnei to the aluminous solution, it will be found that the 
idumina at first precipitated is rc-dissol\ cd ujion stirnug, uiid that no 
permanent precipitate is produced till nearly two parts of alkaline 
carbonate arc added It is m the condition of tins partially neutral- 
ized solution that alum is generally applied as a mord.uit to ilutli 
Animal charcoal readily withdraws the excess of alumina from tins 
solution, and so docs vegetable fibre, probably liom a similar attrac- 
tion of surface. AVlicn tins soliitioa is concentrated by evaporation, 
alum crystallizes from it, geiicially m the cubic form, and the excess 
of alumina is precipitated 

Batsic alum is a granylur crystalline compound, which prccqntaies 
when gelatinous alumina is boiled iii a solnlion of alum The foi- 
mula of this salt is 110 S()j + 3(A1/Jj SO 3 ) -f 9110 the alinii- 
stone used lu preparing the Roman alum has the same com- 
position. 

Sulphate of ammonia may be substituted for sulphate of potash m 
alum, giving nse to ammomacal alum, 

NH 4 O S03-f A1 A -^SOg + 24HO., 

which agrees very closely injnropertiesMnth potosh-alura 

Sulphate of alumina also comuines with sulphate of soda, forming 
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Holla-alMtn, winch cryatnllizcf* in the same form as common alum, 
and also contains 24110, tlic fonnnla of soda-alum being, 

NaO SO3 + AljOj.SSOj + 24IIO 

Crystals arc obtained by mixing the sulphates of soda and iilnniiiifi, 
and leaving a concentrated solution to spontaneous evaporation, or 
by pouring spirits of wine upon the siirlace of such a solution con- 
tained 111 a bottle, which deposits crystals as the alcohol gradually 
diffuses through it This salt effloresces m air as rapidly as 
sulphate of soda. It is very soluble m yater, 10 parts of water at 
CU° dissolving 11 parts of this salt. 

Sulphate of alumina also combines with the sulphate of protoxide 
of non, when dissolved with that salt and a ronsidorablc admixtinc 
of sulphuric acid (Klauer) The double salt was found to contain 
1 ccj of ])rotoaulphate of iron (fcO.SO^), 1 eq of sulphate of 
nluniinti. (Al^O, SSOg), and 21 eq of water (2lHO), which indi- 
cates a sunilanty in composition to alum J5ut it is deposited m long 
acicular ct^'sjalsj which do not belong to the octohcdral sjstem, and 
lias therefore no claim to he considered an alum A similar salt 
vitli magnesia was obl.nned in the same u.ij Another combination 
of the same class, containing the siilplu’^c of manganese, forms a 
white fibrous mineral found 111 a cave upon Biibliinan's river in South 
Africa This natne sulphate of elumnia and inaiiganese has been 
carefully examined bj Hr Appihn and by Hn 11 Kane, and founcl to 
contain 25110 It is probable that if the piO])oilion of water 111 
klauer’s salts weic accjuratcly dcteraniicd, it would be found to he 
the same These salts may be icprcscntcd as compounds of a mag- 
nesian sulphate, retaining its single equivalent of constitutional water, 
with sulphate of aluiniiia; the maiigancsc compound thus — 

MiiO SO3 IIO+AI^Og 3SO,-t- 24110. 

Certain salts have been formed, i-iomoijihous with alum, and stnctly 
analogous in composition, in which the .iluuiina is replaced by 
metallic oxii^b isomorjihous with it, namely, by sesqinoxide of iron, 
sesquioxidc of manganese, and sesqnioxide of chromium. To these 
salts the generic term alum I's apjibed, and the species is distinguished 
V the name of the mctidhc sesqjuoxide it ooiitaius, as inm-alum, 
^nnnganeae-alum, and chronu'-alum 

Alumina dissolves freely in ipost acids, but, like metallic peroxides 
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in general, il alToids few crystalline salts, except double salts. Tbe 
oxalate of potash and aluinnia is the only other of these that has been 
fully exannned It is remnrkfvble for its cdinposition, coiitiuniiig 
eq of oxalate of pot.ish to 1 e([ ot oxalate of aluimna, with 6 cq o( 
water. Its formula is, therefore, 

3 (KO C^Oj) + AljO^ 3C2O, + RIIO. 

Like alum it is the type of a gomis of double salts. Olie corre- 
sponding ox iLitis, contaiiiing soda, crysl.dli/.e with lOIK) — (Phil 
Trans 1837, p .'ll) 

Nittalc of ahtmunt is said toci}slalh/,c with difficulty 111 pnsnialic 
crystals radiating fioin a centre 

All insoluble of ahunmn pre( ipitatcs when phospliatc 

of soda is added to a solution of alum Jiy fusion it gives a glass, 
like porcelain its composition is ‘2 kl/)j (Tlcr/olius} Tins 
salt, dissolved iii an acid and picripilaled by ammonia in excess, 
gives a more highly basic ^ihosjihatc, of which the foiinula is 
4A120, JPO5 (13cr/('hus) Tin* last pliospli.itc ot .alumina occiiis 
in nature, m conibiiiatioii with Ituoiidc of aluminum, in the loiin ol 
radiating or>sfals, and is named /m/v ///A", of which the foiinula is 
Al2l'3 + 3(4Al203 ‘iPOr,) -f 3G110 A phosphate of alumina and 
lithia, coiitaiuiiig the same subphosphatc ol aliiniiiia, foiws the r.iie 
mineral un\l)hp)u})ile, and lu.iy be prepared ailifieially its torniula 
IS 2L1O Pdjd-lAljOg SPOj 


SILICA! fcS OF ALUMINA. 

The varieties of clay arc c'^scntially silicates of alumina, but com- 
posed as they arc of the insoluble mattei of various rocks dcstioyid 
by the action of water, it is not to be cxpeeti'd that they will be uni- 
torm 111 composition. Mitschcrhch considers it probable that the 
basis of clay is usually a subsilicate of uliirama, of which the formula 
isSAljOj 3S1O3, and which contiiiis 57 1>2 parts of sihcic acid and 
42 58 of alumina m 100 jiarts But from the analysis of Mosander, 
the refractory clay of Stourbridge (a fire-clay) is a neutral silicate of 
alumina, AljOg 3S1O3 , Chtna-ckty or kfiolin, which is prepared 
from decaying granite, being the result of the decomposition of the 
felspar and mica of that mineral, is not uniform m its composition 
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The clay from a white bod of tlie Plastic Clay formation, which is 
worked foi the purposes of pottery m the neighbourhood ot Panihrim, 
gave Mr Way the following results — 


White clay diied ,it 312° contained in 100 parts— 


68 03 


41 97. 


^Silicic and 

12 28 

-Uumina 

11 43 

Oxide ot iron 

3 53 

Lime 

0 55 

Magnesia 

*• t 

0 23 

Silicic acid 

18.73 

Alumina 

12 15 

Oxide of lion 

3 11 

1 Lime . 

0 37 

1 Magnesia 

0 39 

Potash 

0.86 

Soda 

1 41 

Watei of Combinahon 

6 15 


100 00 


Clay, and soils in geiioial liom the clnj which they contain, 
possess tt rcnuikahlc powci of -^paratmg salts of aramoiua and 
potash fiom their solutions, and i< taming these bases, first obseived 
with rcfeicucc to ammonia by Mi II () Thonisou, and since ably 
investigated by ProfcssoiMav A light soil digested with a weak 
solution of caustic aimnohia for two liouis, w'lthdiew’ 0 3438 pti cent 
ot its weight ot that base, and 0 3478 per eeiit ot ammonia fioni a 
solution of tile lijdiochlotate of aniiuonui, the latter salt being decom- 
posed, and cliloiide of caleiuiii found in solution Tlic sulphate of 
ammonia was decomposed by the same soil and by the elay above 
described, m a similar ma,nnei, suljiliate ot hmc appeal iiigm solution. 
Hence, when jiutnd urine aiul other soluble manures .are filtered 
through clay or soil, the ammonia is entirely letained, while the 
water drams away containing only earthy salts This absorptive 
power of clay is not destroyed by boiling the clay with an acid, nor 
by drying it between 150° and 300° , but* the property is nearly 
lost in thoroughly burnt clay The hmc present m clay, which 
appears to be necessary to tins adtion, i| r/it entirely withdrawn by 
boiling with an acid, as will be observed in the preceding analysis of 
^Prom the hydrochloralc of ammonia 0 3010 pe,^ cent of 
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niumonin was withdrawn by t!ic white clay, and 0 4306 per cent of 
potash, from the nitrate of potiish, by the same clay The only 
solutions of litnc which came under the influence of this absorbing 
power of chty and ^oils were those of hydrate of lime, and of carbonate 
of lime in carbonic acid water Mr Way does not propose any u 
tionalc of this remarkable action of c!.iy, but excludes the supposition 
of its being due to free alumina and silicic acid * 

A subsilieatc of alumina exists, foiming a very liaid crystalli/od 
mineral, distht‘m‘ or (tjamir, of wliieli Iho foiinula is ZAljO, Si 0, 
Double silieatcs of aluinpia and potash aic extensively diffusul 
in the mineral kingdom, foiimng a very considci able portion of the 
solid ciust of the globe The most usual of these double salts is 
the following 

Potath-luhjxn , winch is crystallized in oblique rhoraboidal 
prisms, of density 2 5, is coin])oscd of single equivalents of the neutral 
silicates of potash and aluiiana Its foimiila I'l tlieieforo analogous 
to that of anhydrous alum, silicon hoiiig suhslilulcd for sulphur, 
KO SiO, + Al^Oj-lSiO, It IS one of the three principal con- 
stituents of granite and gneiss Tins species of felspar is nanieil 
ort/wsc Other varieties of fels])ar aie (ilbt/e, or soda-felspar, con- 
taining silicate of soda, NaO SiO„ in the }ilacc<)f silicate of potash, 
litlna-felspar (peht/i/f, trip/ttiMx), LiO S1O3 -f-Al^Og 3SiO, , mid 
lime-felspar {lohiadotilt anotlhitc), CaO SiO^-t-AlgOj ttSiO, 
The alkaline base of fclsp<iis is olten partially icplaced by lime aiul 
magnesia, and the most gcneial formula for a felspar would he — 

KO ] 

[siOa + AljO, ftSiO,. 

bfgoj 

Ampimjt'n or leucile occurs principally 111 the lava of Vesuviu'' m 
a crystallr/ed state. The relation between the potasli and .Juiiima is 
I he same as in orthosc, but it coiitajiis one-third less silicic acid lienee 

the foimula 3KO 2Si0j-t-3(Al20,.2Si0j) A similar combination 
is obtained by precipitating a saturated solution of alumina in potash, 
by a solution of silicate of potash (Berzelius ) 

When a mixture of siluic acid and alumina is fused with an excess 
of potash, and the fused mass wosbfyl with water, to withdraw every - 
flung soluble, a powder rcmdiiis in winch the potash and aliiinma <11 <■ 

Jcnrnal of the Iloyitl Agncultural Society of Eiiglnnil, xi , 31') ISSOu 
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flfill m the ratio of single equivalents, but in which the oxygen of the 
silicic acid IS equal to that of the bases. This double salt hbs conse- 
quently the formula, 3KO SiOg-hSAljOj SSiOg. 

Analcimc is the soda silicate proportional to amphigeii. It is 
crystallized hke ampliigcn, but contains 6 cq of water. Its formula 
IS 3Na0.2Si03-f-3(Ala03 2 Si 03 ) + 6H0. 

A third compound may be prepared, corresponding with the 
artificial potasli-cuinpoiiiid above. It occurs also in hexagonal prisms 
111 the lava of Vesuvius, forming the mineral »t‘plielin. 

Garnet is a double basic silicate of lime and alumina, of which 
the formula is SCaOa S1O3 -f- jAIjO^ SiOj. 

The sthraifs oj lime and of^ alumina combine in many different 
proportions, forming a great vmiety of minerals Most of them 
contain water, 111 consequence of which they frotli when heated before 
flic blow-pipe, and hence arc called zeolites. One of these, named 
stilhite, from its shining lustre, coiresponds 111 composition with 
felspar, but contains 111 addition 6 oq of water its formula is 

CaO S 1 O 3 + Al^O, OSiOj -I- 6110 

A small portion of one or other of the alkalies is often found in these 
minerals, besides small quautilies of protoxide of iron and other 
magnesian oxides, replacing, it may be presumed, the hinc 111 part 
'fhis extensive class of miiicralh has been very fully studied by Dr 
Tlioason, who has added considerably to their number * 


ISAftniENWAnE AND PORCELAIN 

The silicate of aliiraina is the basis of all the varieties of pottery 
When moistened with watci, clay possesses a high degree of plasticity, 
and can be extended into the tluimest jdates, fashioned into foim by 
the hand, by piessurc in moulds, 01, when diicd to a certain point, 
be modelled on the turning lathe It loses its water also m drying, 
without cracking, provided it is allowed to contract equally 111 all 
dircctionsf and acquires greater sobdity. "When heated more strongly 
m ^lie potter's kiln, in winch it is not fused nor its particles agglu- 
tmated by partial fusion, it becomes n strong sohd mass, which 
adheres to the tongue and aljsorbs water with avidity To render 
it impermeable to that liquid, it is Covered with a vitreous matter, 

* Outlmea of ftlincralogy end Geology, vol i 
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which la fused at a high temperature, and forms an insoluble glaze 
or varnish upon its surface. But the interior moss of ordinary 
pottery has always an earthy fracture, nnd pre'sents no visible trace of 
fusion. 

When an addition is made to the clay, of some compound, whicli 
softens or fuses at the temperature at which tlie cartlicnwaie is fired, 
such as felspar m powder, then the clay is agglutinated by the fusible 
ingredient, nnd the mass is rondcied semi-transparent, m the same 
manner ns paper that has imbibed melted wax remains translucent 
after the hitter has fixed The accidcnljl presence of lime, potash, 
protoxide of iron, or any similar in the cl.iy, may produce the 
same effect by forming a fu'^iblc sihcatc dilliised through the clay m 
excess. Such is the constitution of porcelain, and of brown salt- 
glaze ware of which stoiiew are-bottles arc made, winch is mdeed a 
sort of porcelain Wlioii these kinds of ware are covered by a fusible 
material, similar to that winch has entered into the composition ol 
their body, and a second lime fired, they acquire a vitreous coating 
Their fracture is vitreous and not cvirthy, tlic broken surfage docs not 
adhere to the tongue, and the mass lias much greater solidity and 
strength than the former kinds of cait lien ware In coinbmnig the 
ingredients of porcelain, an excess of the fusible material is to be 
avoided, as it may cause the vessels to soften so much in the kiln as 
to lose their shape, oi even to run down into a glass, while on the 
otlicr hand if tlie vitnfiablc constituent is in too small a proportion, 
the heat of the funiacc may be inadequate to soften the mass, and to 
agglutinate it completely 

I’elspar mixed with a little clay is used as the glaze for the cele- 
brated porcelain of Levres Elsewhere a mixture of sulpliate of lime, 
ground porcelain and flint, is sometimes used us a glaze In paint- 
ing porcelain, the same metallic oxides are employed as in staiiinig 
glass They aie combined with a vitrifiable material, geiieiallj made 
tbm with oil of tuiqicntine, and applied to the pottriy sometimes 
under, and sometimes above the gkizc To fuse the latter colours, 
the porcclam niiist be exposed a third time to heat, in the cuamel- 
furnace * 

Stonewate . — The principal varieties of clay used here, according 
to Mr Braude, arc the following — 1 Math/ clay, which, with 
silicic acid and alurmiio, conjaips a pdS-tion of carbonate of lime it is 
mucJi used in making pale bncks, and as a manure, and when 
bighly litcit^ euicis into fusion 2 Pipe-clay, is very jjastic 
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and tenacious, and requires a higher temperature than the preceding 
for fusion when burned it is of a cream-colour, and is 'used for 
tobacco-pipes and white* pottery. 3. PuUets clay is of a reddish or 
grey colour, and becomes red when heated , it fuses at a bright-red 
heat j mixed with sand it is manufactured into red bncks and tiles, 
and is also used for coarse pottery (Manual of Chemistry, p 1131) 
ITie glaze is applied to articles of ordinaiy pottery after they are 
fired, and in the condition of biscuit ware. They arc dipped into a 
mixture of about 60 parts of red lead, 10 of clay, and 20 of ground 
flint diffused iii water to a creamy consistence, and when taken out 
enough adlicres tt^ the piece to give h uniform gla/mg when again 
heated To covei the red colour wliicli iron gives to the common 
clays when burnt, the body of the ware is soinetinies coloured uiu- 
formly of a dull green, by an adniixture of o\ide of clironiium, or 
made black by oxides of niauganese and iron; or oxide of tin is 
added* to the matcnals of the gli/c, to render it white and opaque 
The patterns on ordinary carthcini are are generally first punted upon 
tissuc-jiapcr, in an oily composition, from an engraved plate of cop- 
per, and afterw<u:ds transferred by a})pl} mg the paper to tlie surfeice 
of the biscuit w,iic, to winch the colour adheres The paj>er is after- 
waids removed by a wet sponge The tiisiou of the coluuniig niat- 
teis takes place with that of the gla/o, which is subserpiently applied, 
ni the second filing The prevailing colours ot these patterns are 
blue from oxide ot cobalt, giccn from ovule of chromium, and pink 
from that coinpouiid of oxide ol tin, luiic, and a small quantity of 
oxide of clironiiuin, lyihwn as jnnk cuhur. 


SECTION II 

GLUUJiUM, XlllUUM, THORIUM, miCONlUM 

GLUCINUM. 

Eq. G.97 ot 87.06 , Gl. 

^yn Bet yllium . — The compounds oT this metal have a consider- 
able ^analogy to those of aluMunum. Glucmum is obtained from its 
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chlondoj which is decomposed by potassium in the some manner *as 
the chlonde of aluminum. This metal is fusible with great difficulty, 
not oxidable by air or water at the usual temperature, but it takes 
fire, in oxygen, at a red-heat, and bums with a vivid light. It de- 
rives its name from yXvieve, sweet, in allusion tu the sweet taste of 
the salts of its oxide, glucina 

Glucina, Berylha , Gl^Og is a comparatively rare earth, but con- 
tained to the extent of 13^ per cent in the emerald and beryl, of 
which specimens that are not transparent and well crystallized can be 
jirocured m considerable quantity To decompose tins miuer.il, 
winch IS a silicate of gluciiid and dluinina, it mu^l be reduced to .m 
extremely fine powder, the grosser particles which fall iirst when the 
|)owder is suspended in water, being submitted again to pulvenza- 
tion, and the powder calcined with 3 limes its w'eight of hydrate of 
potash. The calcined mass is moistened with water, and then treated 
with hydrochloric acid, added in small portions till it is in excess 
The potash, alununn, and glucina, are tlius converted into chlorides, 
and dissolved The solution is cv.iporatcd to dryness on a water- 
batli, and the icsidue acidulated b} a feu drops of hydrocfiloric acid 
the silicic acid rcinaiiis uiidissolved On adding afterwards carbo- 
nate of ammonia in consnleiablc excess to the filtered liquid, the 
alumina is piecipitated together with the lime and oxides of iron and 
cliiomium uliich aic usually present, wlnlc the glucina alone remains 
ill solution. The liquor is filtered, and the carbonate of aminoma 
being then e\]icllcd fioin it by ebullition, caiboiiate of glucina preci- 
pitates. The earthy caibonale is ignited, alid leaves glucina m the 
state of a uliite and light powder, tasteless, infusible by heat, insolu- 
ble in water and caustic ammonia, but soluble in caustic potash and 
soda. Its density is nearly 3 It is distinguished from alumina, 
which it greatly resembles, by absoibing carbonic acid from the air, 
and readily fonniiiga caiboiiate, and most remarkably by being solu- 
ble, when freshly piecijntated, m a cold solution of carbonate of am- 
monia It IS capable of decomposing the salts of aminoma m a liot 
solution, aud replaces that base. The salts of glucina do not form an 
alum when treated with sulphate of potash , nor do they become blue, 
like the salts of alumina, ;wheii heated before the blow-pqie with mtrate 
of cobalt. 

Glucina combines with si^pl^unc a/lid m several proportions, fonn- 
iiig a bisulphate, SQlgOs.fiSOg, which is crystalhzable, a neubral 
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sulphate, OlgO, SSOg + lZHO, wliich forms fine crystals; a soluble 
snbsillt, GI2O3.2SO3, and an insoluble subsalt, G1203 SO3.' 

Emerald or beryl is a double silicate of gluciua and alumina, of 
the composition expressed by OlgOj S1O3 + Al^Og SiOj, but contains 
besides, lime and some chromium and iron. This mineral crystal- 
lizes in six-sided prisms, which are very hard. 'When coloured green 
by oxide of chromium it forms the true emerald, and when colourless 
and transparent aqua mm inity which are both ranked among the 
precious stones. Tlie density of the emerald is 2.58 to 2 732. 

E ad use is also a silicate ot glucma and alumina It is a very 
rare mineral, wliicli cryslalli/es 111 limjiid, greenish prisms 

Chysoberyl, one of the finest ot the gems, consists essentially of 
1 (Hpiivalent of glucinu combined with 6 c([uivalcuts of alunnna, 
GI2O3, 6AI2O3. 

It 13 very doubtful whether glucma is a scsquioxiJc, GI 2 O 3 , analo- 
gous in composition to alumina It is iiulcrd quite as probable that 
gluciua is a piotovide, GIO, analogous to in.igncsia The e((uiv'alcnt 
of glucinqm would then be* reduced to t C i on the by diogeu-scalo, and 
58,01) on the oxygen-scale 


TfrriuuM, niiBiuar, and tebuium 
Eq 32.20 ot 402 5 , Y 

The earth yttria \yS discovered in 1704, by GadoJin, in a mineral 
from Ytterby 111 Sweden, wliieli is now called gadolniite. It has 
since been found in several other minerals, but all ot wlucli are ex- 
ceedingly rare. The metal was isoLited from its tlilorulc by Wohler, 
precisely m the same manner as the two preceding metals. It is of 
a darker colour than these metals, and m oxidability resembles glu- 
emuro. 

Ytttia IS considered a protoxide, YO. Its density is even greater 
than baryta, being 4.842. It 13 absolutely insoluble in the caustic 
alkalies, is precipitated by yellow prussiatc of potash, and its sulphate 
and some others o£ its salts liave an amethystine tint, properties 
which distinguish it from the preceding earths. The nitrate of 
yttria is colourless and crysftillizabl^. ^ The chloride of yttnum is 
deliquescent, and does not appear to be volatile. 

^ what has hitherto been distinguished as yttiia two new bases 
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have lately been discovered by M. Mosander, which have been named 
et bta and tet Itu. These oxides are less soluble in dilute sulphunc acid 
than jttria, and are thereby separated from that earth I’rom a solu- 
tion in nitric acid of the two new caitlis, oxide of erbium is ])rccipi- 
tated by saturating the iKpiid ivith suljih.ile of potash, in the form ot 
a sparingly soluble double salt, while tlic oxide of terbium remains 
111 solution Etieh of these bases may theu be precipitated singly by 
means of potash 

The sul]ihatc and nitrate of tcrbia readily crjstalli/c, the fonner 
salt Is elllorcscent The salts of terbia aie apt on dessiccation to 
assume a red amethystine tint’ 

Erbia assnines a dcep-\ellow tint when made anhydrous, which 
appears to be due to oxidation, as the eailli becomes colouiless in a 
stream of hydrogen The Md])h.itc of eibia, which is crystallizable 
and colourless, docs not elllorcsce in oir, like the suljdiate of lerbia 


'IIIOUILM, on TUORINUM. , 

Etj o9 59 or 711 9, Th 

This element was discowied by llei/cliiis, in 1S24, in a black 
mincidl, like obsidian, since called Mo/ i/c, fioin the coast of the 
North Sea This mineial contains 57 pur cent of thoniia This 
element has been name<l fiom the Scandinavian deity Thor. The 
metal was obtained irom the chloride, and cxldhited a general resem- 
blance to aluiniiiura Like yttrium, it burns in oxygen with a degree 
of brilliancy winch is rjuite extraordinary the resulting oxide docs 
not exhibit the slightest trace of fusion. 

T/to! ina IS considered a protoxide, TliO. Its density is 9.402, 
and therefore supenor to that of all other earths. Thoriiia foinis .i 
hydrate, ThO UO, which is soluble in alkaline carbonates and in all 
the acids It resembles yttria in being insoluble in the caustic alta- 
bes, but dilfcrs from that earth iii the peculiar property of its sulphate, 
to be precipitated by ebullition, and to redissolve entirely* although 
m a slow manner, m col4 water. Its sulphate also forms a double 
salt with snljihatc of potash, which dissolves in water, but is insolu- 
ble in a liquid saturated witl| splphatd' of potash. The solutions of 
fhorina are preciintated white by the ferrocyauidc of potassium, a pro- 
jierly by winch thorma is dislrngiushed from zirconia. Thon^a is 
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also precipitated from solutions to which an excess of acid has been 
added, on afterwards introducing buliicieiit aiiimoiiiu, by mIucIi it is 
distinguished from magnesia. 


ziueoMUM. 


Eq 3‘j 02 o, 420 2, Zr 

Zirconium is oht.iincd by htuting the double fluoride of rircoiiium 
and potii-'Snim, wu'h pot.isiinm, in a gllss- or iion-tiihc Ontlirowing 
the cooled iiiass nilo water, tin /iiconiiim remains in the toim of a 
black powder, vci) like ch.irroal It rontains an admixture of 
hydrate of zirconia, wlndi may be willuliawii fiom it by digestion in 
liydrochloiic acid, at iOt° (lO^’C) Tlic yiieoiiuim is .afterwaids 
washed with sal-aminoiiiac to remove completely chloride of zir- 
cumnm, and then w'ltli alcohol to withduiw tlic sal ammoniac If 
wadied with puic water, it is apt to pass tin ongh the tilter After 
being thus treated, tlu' powdoi assumes, nmlei the burnisher, the 
lustre of iron, and is compiessed into stales wlncli i«'>emb]c graphite 
When heated 111 air it takes tiie below udiuss It is very shglitly 
attacked by eitlier .ilk.ihes or acids, with tlie exception of lijdrofluonc 
acid, which dissoUes /aicoiiium with evolution ot Indiogcu 

The constitution of zucvma is not ceilainly known, but it is 
believed to be analogous to that of alumina, Z12OJ It was first 
recognized as a pccylfar earth b} Kliproth in 17 bt), who discovered 
it 111 the zircon of Ceylon, a silicate of zirconia, wliicii is also found 
m the 6 }cnitic inouiitaiiis of the south-east side ot Noi way The 
hijacmth is the same nuneial, of a red-colour, it is found m volcanic 
sand at Expailly in Eiance,i'i CVjIoii, and some other localities The 
earth is obtained fiom this mmtial, which is moic dilficult of decom- 
position than most others, by pioccsses fur which I must refer to 
Berzelius.* 

Zircoma is a white earth, like alumina m appeal aiice, of density 
4 3 , Its* hydrate, after being boiled, is soluble with difficulty m 
acids. When lieatfd, it paits with its ^ water, afteiiiards glows 
strongly, from a discharge of heat, becomes denser, and less suscep 
tible of being acted on by ifttigciits Eircoiiia foiuis a carbonate 


* TiaU6 AcCluuie, 11 ,171 I’aiu, 184G 
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’VYhcn once separated from its combinations, it is insoluble in car< 
boiiate of potash or soda, but dissolves in them m the nascent state 
The salts of zircoina Imvc a purely astniigeni taste. It agrees wiili 
thorina in being precipitated, when any of its neutral s.ilts arc boiled 
with a solution of sulphate of potash. The chloride of zirconium is 
volatile, but less so than tlie chloride of sihcium , a property which 
has been token advantage of by M. Wohler iii jircpaniig zirconia 
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